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PART  I - ALTERNATE  PLANS  FOR  ABATEMENT  OF  POLLUTION  FROM 


COMBINED  SEWER  OVERFLOWS . 

1 . Omaha-Mlssourl  River  Oeverape  System  and  Treatment  Plant . 
The  Harza  Engineerinf^  Company,  located  in  Chicago,  Illinois, 
was  selected  to  perform  the  engineering  services  necessary 
to  provide  alternate  abatement  plans  for  the  combined  sevrer 
overflow  problems  associated  with  the  Omaha-’*issourl  River 
sewerage  system.  The  study  area  contains  approximately 
?2,000  acres  of  urban  land  located  in  the  eastern  portion  of 
Omaha,  Nebraska  between  the  Papilllon  Creek  basin  and  the 
west  bank  of  the  *^lssouri  River.  Within  the  area,  stormwater 
and  dry -weather  discharges  are  conveyed  by  a network  of  com- 
bined sewers  which  flow  by  gravity  towards  the  'Missouri  ''’Iver. 
The  combined  flows  are  then  collected  and  diverted  by  the 
north  and  south  interceptor  sewer  to  the  Omaha-**issouri  River 
.Sewage  Treatment  Plant.  The  interceptor  system  is  located 
parallel  to  the  Missouri  River  and  was  designed  to  have  a 
hydraulic  capacity  related  to  the  ratio  of  the  stormvrater 
flow  to  the  design  dry  weather  flow.  The  north  interceptor 
was  designed  for  a 5 to  1 ratio  and  the  south  interceptor  was 
designed  for  a 3 to  1 ratio.  When  combined  flovrs  exceed  the 
capacity  of  the  interceptor  or  when  mechanical  breakdowns  occur 
at  the  lift  stations,  untreated  sewage  overflows  into  the 
Missouri  River  at  one  or  all  of  the  PC  discharge  points 
located  within  the  study  limits.  '"Vo  large  combined  sewers, 
namely  the  5'outh  Omaha  and  ’'onroe  Rtreet  sewers,  discharge 
directly  to  the  treatment  plant;  when  overloaded,  however,  a 
portion  of  the  untreated  sewage  m.ay  bypass  the  treatment 
plant  and  overflow  into  the  river,  ""he  Oniaha-’’issourl  River 


Sewage  Treatment  Plant  presently  has  a primary  treatment 
hydraulic  capacity  of  72  mgd  and  a proposed  secondary  treat- 
ment capacity  of  65  mgd. 


2.  Stoiinwater  Hydrologic  Analysis.  The  basic  hydrologic 
analysis  used  in  the  study  for  the  stormwater  portion  of  the 
combined  sewage  flow  was  accomplished  by  the  Omaha  District, 
Corps  of  Engineers.  This  analysis  Included  computation  of 
the  design  peak  discharges  and  rxinoff  volumes  for  each  of  the 
l8  sewer  service  areas  comprising  the  entire  study  drainage 
area.  The  following  paragraphs  discuss  the  hydrologic  criteria 
and  the  stormwater  analysis. 

a.  General.  This  study  was  completed  for  the  *^issouri 
River  combined  sewage  treatment  facilities  and  it  contains  a 
hydrologic  analysis  of  the  ifi  sewer  service  areas  shown  on 
Plate  1.  Design  discharge  frequency  relationships,  the  1,  2, 

5,  10,  and  25  year  design  storm  hydrographs  and  the  respective 
maximum  1,  6,  and  2h  hour  runoff  volumes  were  developed  for  17 
of  the  sewer  service  areas.  For  the  remaining  sewer  service 
area,  namely  Carter  Lake,  the  computations  included  the  maximum 
1,  6,  ^lnd  2h  hour  runoff  volumes  for  the  1,  2,  S,  10,  and 
year  design  storms.  A summary  of  the  computed  design  discharges 
and  runoff  volumes  are  shown  on  Plate  2.  The  iP  sewer  service 
areas  comprise  the  entire  surface  runoff  drainage  are  t for  the 
combined  sewer  collection  system  tributary  to  the  Omaha-’*! ssouri 
River  Rewage  Treatment  Plant.  Development  of  the  design  hydro- 
logic  discharges  was  based  on  existing  land  use  patterns:  theg.e 
patterns  were  determined  from  aerial  photographs  taken  in  2uly 
1972.  natural  surface  runof**  drainage  area  boundaries  do  not 


in  all  cases  correspond  with  the  sewer  service  area  boundaries 
but  officials  of  the  Omaha  Public  Works  fiepartment  stated  that 
the  manmade  boundaries  imposed  by  the  collection  facilities 
would  contain  the  flows  by  pondlny  at  the  sewer  inlets.  It  was, 
therefore,  assumed  that  these  boundaries  would  be  valid  un  to 
the  25  year  deslRn  limit  of  this  study.  It  must  be  recopnized 
that  for  more  extreme  events,  it  Is  possible  that  a portion  of 
the  runoff  would  overtop  the  manmade  boundaries  and  discharge 
according  to  the  natural  topography. 

b.  Sewer  Service  Areas . Pertinent  hydrolo^rlc  character- 
istics for  the  l6  sewer  service  areas  are  summarized  on  Plate  2. 
Drainage  area  sizes,  maximum  flow  distances,  and  average  land 
slopes  were  determined  from  United  States  Geological  Sxirvey 
Quadrangle  Maps  (scale:  1 inch  = 2,000  feet  and  a contour 

Interval  of  10  feet).  Seventeen  of  the  sewer  service  areas 
are  drained  by  gravity  in  combined  sewers  that  convey  flow  in 
an  easterly  direction  towards  the  Missouri  Piver.  The  20  maior 
outlets  for  the  IT  areas  discharge  into  a nressurized  inter- 
ceptor sewer  that  parallels  the  river  and  conveys  the  flows 
downstream  to  the  sewage  treatment  plant.  VDien  discharge  from 
the  sewer  service  areas  exceeds  the  canacity  of  the  intercentor, 
the  entire  flow  is  overflowed  directly  into  the  Missouri  River. 
The  17  service  areas  tributary  to  the  west  side  of  the  inter- 
ceptor sewer  consist  of  apnroximately  33  square  miles,  "^he 
Carter  Lake  sewer  service  area  is  tributary  to  the  ast  side  of 
the  interceptor  sewer.  This  area  is  unique  in  that  it  is 
relatively  flat,  poorly  drained,  and  the  surface  runoff  does 
not  necessarily  enter  the  Intercentor  sewer  coincident  with 
the  remaining  17  sewer  service  areas.  The  ma.ior  portion  of 
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the  surface  drainage  discharges  into  Carter  Ira>:e  which  has  a 
^00-acre  surface  area.  The  runoff  is  temporarily  stored  in  the 
lake  and  is  pumped  into  the  interceptor  sewer  after  the  remainder 
of  the  system  has  drained,  "’his  sewer  service  area  has  two  out- 
lets and  the  drainapie  area  consists  of  about  f.S  sauare  miles. 

c.  Hydrologic  Design  Criteria.  The  peak  discharge  rate  of 
the  design  storms  for  each  sewer  service  area  was  computed  by 
the  Rational  Formula  Q = C (l  - F^^)A,  where: 

Q * peak  runoff  rate  in  cubic  feet  per  second; 

C = a runoff  coefficient  roughly  representing  the 
infiltration  capacity  of  the  pervious  and  impervious  surfaces 
of  the  drainage  area.  C is  expressed  as  the  composite  of  the 
runoff  coefficients,  C(pervious)  and  C( impervious ) , from  the 
pervious  and  impervious  surfaces  of  the  drainage  area 
( ^comp.  “ *^per.  ^imp.  (Pi)  "here  Pp  and  are  the 

percent  of  pervious  and  impervious  areas,  respectively ) ; 

I = rainfall  intensity  in  inches  per  hour  for  the 
critical  time  of  concentration  for  each  sewer  service  area: 

Ffjy  = available  depression  storage  in  inches  per  hour; 

and 


A = drainage  area  expressed  in  acres. 

The  design  storm  point  rainfall  amounts  were  obtained  from  the 
rainfall-frequency-durntion  isopluvial  mans  contained  in  the 
U.S.  Weather  Bureau  Technical  Paper  Ho.  *^0,  "Rainfall  Frequency 
Atlas  of  the  United  States",  Man  l^bl . A tabulation  of  the 
design  point  rainfall  amounts  in  the  vicinity  of  Omahn-rounci 1 
Bluffs  for  specific  rainfall-durati on-freouency  storms  1s  shown 
on  Plate  3.  These  point  rainfall  amounts  were  ad.Justed  to 
obtain  the  average  denth  over  the  entire  '^1  square  rile 


drainnpie  area  contained  in  the  17  newer  service  areas.  The 

tabulation  of  averap;e -depth  point  rainfall  amounts  is  show 

on  Plate  . The  runoff  coefficient  (C)  for  each  area  was 

weiKhted  according  to  the  watershed  land  use  development,  soil 

type,  and  land  slopes,  "’he  C values  for  the  nervlous  areas 

were  adjusted  for  specific  frequency  events  by  Bernard's 

liquation,  C = where: 

ion 

C = the  adjusted  C for  a specific  freouency  event  F; 
Cioo  = the  chosen  runoff  coefficient  for  the  ino-vear 

event ; 

F = the  frenuency  of  the  desired  event  in  years;  and 
X = a coefficient  equal  to  O.lP  for  the  vic’nity  of 

Omaha. 

The  tabulation  of  the  basic  runoff  coefficients  used  is  show 
on  Plate  5.  The  discharre  frequency  curves  we»-e  develoned  '’or 
each  sewer  service  area  by  comnutinf^  the  peak  discharre  of  the 
1,  P,  10,  and  .'>S  year  storm  events,  "’he  desiw  storm 
hydrorraphs  were  developed  usinr  the  followlnr  nrocedure : 

(l)  the  hydrorraph  peah  discharpes  were  computed  usinr  the 
Rational  Formula;  and  (?)  the  hydrorraphs  were  sised  and 
shaped  usinr  the  time  of  concentration  of  each  service  area 
and  the  distribution  and  volume  of  runoff  for  each  resnective 
area  which  were  determined  from  the  hypothetical  hyetorranhs . 
The  hydrolorlc  computations  for  the  Orace  Ftreet  sewer  service 
area,  which  are  t.vpical  of  those  develoned  for  each  of  the 
rer.aininr  IT  sewer  service  areas,  are  shown  on  Plates  f 
through  l6. 


3.  Combined  Seva^e  nyer flows.  Untreated  combined  sewage 
overflows  to  the  Missouri  River  occtir  when  the  rate  of  ninoff 
exceeds  the  capacity  of  the  Intercentor  system.  Accordinr  to 
the  Harza  report,  the  interceptor  capacity  is  exceeded  whenever 
the  rainfall  intensity  over  the  ??,000  acre  drainaRe  area 
reaches  0.10  inch  per  hour.  Based  on  20  years  of  rainfall 
record,  the  study  indicated  that  overflows  occurred  on  the 
average  of  about  50  times  per  year  and  the  total  average  annual 
volume  of  overflow  was  about  R billion  gallons.  The  RFC  Comnuter 
Program,  Urban  Storm  Water  Runoff  "STORM",  dated  *^ay  lOTli , was 
used  as  an  independent  tool  to  determine  the  average  annual 
number  and  the  quantity  of  overflows.  This  program  provides 
a method  to  estimate  the  quantity  of  runoff  from  small  urban 
drainage  areas  using  the  hourly  precipitation  record.  "Tie 
interaction  between  the  treatment  rates,  storage  capacity, 
and  overflows  from  the  treatment  and  storage  system  to  the 
receiving  water  is  investigated  by  a continuous  simulation  model 
using  many  years  of  hourly  precipitation  records,  "’here  is  an 
official  National  Weather  Service  recording  nreclnltation 
gaging  station  at  Eppley  Airfield,  which  is  located  within  the 
Omaiia-Hissouri  River  Sewage  Treatment  Plant  sewer  service  area. 

This  station  was  used  to  provide  the  rainfall  innut  for  the  "Storm" 
simulation  model.  A P)i-year  portion  of  the  hourly  long  term 
record  for  the  period  lolo  to  1P72  was  obtained  from  the  National 
Weather  Service  at  Ashvllle,  North  Carolina,  ""he  average  annual 
rainfall  for  this  period  wan  3n.li6  inches  compared  to  the 
long  term  average  of  PP.SO  inches.  The  maximum  annual  rainfall 
for  the  Pli-year  period  was  inches  in  lOfs,  and  the  minimum 

annual  rainfall  was  iR.PP  inches  in  IPRI.  "’he  results  of  the 


"Gtorm"  model  runs  compare  favorably  with  the  ?arza  analysis. 


The  input  and  output  data  for  the  simulation  rvins  for  the 
entire  combined  sewer  service  area  are  shown  on  Plates  17 
throuph  'in.  The  model  outnut  sho’vn  on  Plate  iP  indicates  that, 
with  a treatment  rate  of  n.Ol  inch  per  hour,  overflows  would 
occur  on  the  average  of  Si^.6  tines  a year  and  would  result  from 
an  averaRe  annual  runoff  of  13. 31  inches  with  11. in  inches 
overflowing  to  the  Missouri  River.  I'he  11. in  inches  over  the 
22,000  acre  drainage  area  would  yield  an  average  annual  over- 
flow volume  of  6.7  billion  gallons  versus  the  S billion  gallons 
estimated  in  the  Harza  report.  Plates  in  through  3n  present 
the  average  annual  number  and  volume  of  overflows  with  a 
treatment  rate  of  0.01  inch  per  hour  and  storage  capacities 
varj'ing  from.  0.0):  inch  to  1 . inches  per  acre,  '’’he  curve 
of  average  annual  n\unber  of  overflows  versus  the  storage 
capacity  was  plotted  from  these  data  and  it  is  shown  on 
Plate  31.  This  curve  indicates  that  a storage  capacity  of 
about  1.25  inches  per  acre  would  have  reduced  the  occurrence 
of  overflows  to  one  event  per  year.  For  the  entire  drainage 
area,  this  would  reeuire  a storage  area  of  about  P,pno  acre- 
feet,  which  is  approximately  enual  to  the  reoui rement  of  1 ,n6!i 
acre-feet  to  contain  the  design  1-year,  P)i-hour  runoff  volume. 

The  curve  on  Plate  3P  shows  the  average  annual  inches  of  overflow 
versus  storage  capacity.  This  curve  indicates  that  the  greatest 
reduction  in  the  volume  of  runoff  overflows  occurs  throughout 
the  steep  portion  of  the  curve,  which  includes  about  the 
first  0.5  inch  per  acre  of  storage  capability.  ”he  overflow 
volume  is  reduced  by  5.P  billion  gallons,  from  about  f to 
1.5  billion  gallons,  whereas  in  the  second  o.S  inch  per  acre  of 


storage,  located  on  the  flat  portion  of  the  curve,  the  reduction 
in  overflow  is  only  1.0  billion  gallons,  from  about  1.5  to  0.5 
billion  gallons.  These  curves  indicate  that  a storage  area 
capacity  capable  of  controlling  the  design  runoff  for  the 
1 to  5 year  recurrence  interval  would  accomnlish  the  ma.ior 
reduction  in  the  annual  number  and  quantity  of  overflows.  Tt 
would,  therefore,  not  be  cost-effective  to  design  for  a more 
Infrequent  recurrence  interval  because  the  incremental  cost 
to  prevent  additional  overflow  volume  would  be  excessive. 


PART’  II  - OfiAl LA-COUNCIL  BLUFFS  REGIONAL  V/APTEWATER  MANAOFTiFNT 
STUDY . 

1 . Hydrologic  Analysis  and  Land  Use  Concepts.  'Tie  regional 
wastewater  management  study  includes  the  development  of  conceptual 
alternatives  to  reduce  pollution  emanating  from  urban  and 
agricultural  stormwater  runoff.  The  hydrologic  analysis  nre- 
pared  by  the  Om.aha  District,  Corps  of  Engineers,  for  this  study 
consisted  of  developing  stomrater  peak  discharges  and  r^inof'" 
volumes  for  drainage  areas  within  the  study  area  that  are 
pro.iected  to  be  urban  according  to  ^our  alternative  land  use 
concepts,  "’he  four  pro.lected  growth  concepts  for  the  Cpaha- 
Council  bluffs  urban  study  are  referred  to  as  '"oncents  A,  P. 

C,  and  D.  Concept  A is  basically  a continuation  o'''  the  nresent 
land  use  growth  patterns.  Concent  P includes  the  controlled 
expansion  and  redevelc nment  of  urban  Omaha  and  the  development 
of  numerous  urban  satellite  cities  with  the  nreservation  of 
the  intercity  open  space  as  a greenbelt  area.  Concent  c i c; 
similar  to  Concept  B but  it  does  not  include  the  satellite 
cities.  Concept  D assumes  that  urban  growth  natterns  will 
occur  as  strips  along  ma.ior  transportati on  corridors,  fhowr 


P 


on  Plate  33  are  the  critical  drainage  areas  affected  by  existing 
or  future  urban  growth  in  one  or  more  of  the  four  alternative 
land  use  concepts.  The  drainage  area  delineations  were  estab- 
lished according  to  natural  basin  boundaries  for  the  areas 
tributary  to  the  natural  streams  and  according  to  sewer  service 
areas  for  the  areas  tribiitary  to  combined  severs.  Por  those 
areas  located  in  the  Papillion  CreeV  basin,  the  sub-areas  are 
delineated  according  to  the  breakdown  used  in  the  "Panio" 
Hydrologic  Model.  The  basic  hydrologic  parameters  and  the 
development  of  the  "Papio"  Hydrologic  Computer  '^odel  are  discussed 
in  Part  IV.  The  design  stormwater,  ^'-hour  runoff  volume  and 
the  peak  discharge  for  the  1,  , and  10-year  freouency  events 

were  computed  for  ^il  individual  basins,  the  drainage  area 
boundaries  are  shown  on  Plate  33.  This  reouired  1(^7  compu- 
tations of  runoff  volume  and  peak  discharge  for  each  of  the 
three  design  storms  in  order  to  determine  the  effects  of  the 
four  different  urban  growth  patterns  within  the  C-l  basins. 

Hhcwn  on  Plate  3h  is  a tabulation  of  the  stormwater  design  neak 
discharge  and  volume  computed  for  each  basin  and  listed  according 
to  freouency  and  respective  land  use  concept. 

P.  Design  F?alnfall.  "^e  design  point  rainfall  amounts  shovm 
on  Plate  3'>  were  taken  from  I'.C . Weather  Rureau  Technical 
Papers  'los.  itO  and  ho,  determine  the  design  rainfall  depth 

for  the  entire  3^5  square  mile  Papillion  Creek  basin,  the  point 
rainfall  amounts  were  reduced  according  to  the  percentages  shown 
on  the  area-depth  duration  curves  contained  in  'technical  Paper 
No.  ho.  The  resulting  rainfall  amounts  for  the  entire  basin 
are  shown  on  Plate  3<’ . 
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3.  Stormwater  Runoff  Volumes  and  Poak  Discharf^es . '^he  runoff 
volumes  were  computed  In  a manner  that  will  t.e  comnatlhle  with 
usinj'  the  HEC  Computer  Eroprnm  Urban  Stormwater  Punoff  "^torm" 
during  the  Phase  II  Study,  "he  'Ttorm'’  *'odel  will  be  used  to 
determine  the  effectiveness  of  vario\is  proposed  stormwater 
storap:e  and  treatment  systems  and  to  determine  the  magnitude 
of  various  critical  water  quality  constituents  contained  in 
the  stormwater  runoff.  ?he  quantity  of  runoff  is  conmuted  by 
multi  plying  a runoff  coefficient  "C"  times  the  hourly  precipi- 
tation. The  selected  runoff  coefficients  "C"  *'or  each  frequency 
storm  indicate  the  ratio  of  the  design  runoff  to  the  deslpri 
rainfall.  The  program  then  uses  the  Rational  ’formula.  0 = flA, 
to  compute  the  peak  discharge  by  multiplying  the  computed 
runoff  tim.es  the  drainage  area  in  acres.  Tlie  peak  discharge 
computed  in  this  manner  would  be  valid  only  if  the  drainage 
area  had  a time  of  concentration  eaual  to  1 hour,  because  the 
Rational  Formula  assumes  that  the  entire  area  is  cont’-ibuting 
runoff  during  the  time  at  which  the  rainfall  is  occurring  a*  a 
uniform,  intensity.  Because  very  few  of  the  fl  drainage  areas 
have  a 1-hour  time  of  concentration,  it  was  determined  that  a 
more  realistic  peak  discharge  would  be  computed  by  apnl.ving  the 
design  storm  runoff  amc  ints  computed  with  the  "rtorr"  program 
to  each  of  the  individual  basin  unit  hydrographs  which  are 
contained  in  the  "Papio"  Hydrologic  Computer  ’'odel.  '^or  the 
Council  Bluffs  urban  area,  unit  hydrographs  were  developed  *‘or 
Indian  and  Mosquito  Creeks.  In  the  developr.ent  of  the  "Ufioio" 
Hydrologic  Computer  Model,  the  matter  of  determining  the  proper 
runoff  valuer,  for  the  various  probabilities  was  accomplished 
by  using,  as  a giiide,  the  computed  discharge  probability  curves 
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at  Fort  Crook  and  Irvington,  Nebraska.  These  curves  were  deter- 
mined from  the  stream  gage  station  on  the  Pacillion  Creek  at 
Fort  Crook,  established  in  ldU6,  and  the  stream  gage  station 
on  the  Little  Papillion  Creek,  established  in  19^^.  The  neak 
discharge  record  from  each  of  these  stations  was  analyzed  using 
the  methods  outlined  in  "statistical  ’'ethods  in  Hydrology" 
January  196?.  The  resulting  curves  with  martial  duration,  top 
half  analysis  and  expected  probability  are  shown  on  Plates  '^7 
and  38.  The  curves  determined  by  applying  expected  probability 
to  the  computed  top  half  analysis  were  selected  because  the 
values  in  the  upper  portion  of  these  curves  are  more  comnatible 
with  values  from  probability  curves  that  have  been  computed  for 
streams  of  similar  size  and  characteristics  in  this  region. 

Using  the  "Paplo"  Hydrologic  Computer  Model  and  the  assumntion 
of  uniform  runoff  throughout  the  basin,  computer  runs  were  made 
to  determine,  for  the  various  probabilities,  the  runoff  amounts 
required  to  achieve  reproduction  of  the  computed  probability 
curves  at  the  two  locations.  The  computed  runoff  values  are 
summarized  in  Table  1. 

TABLK  1 

COMPUTED  RUTIOF?  PRORABTLITIEP 

LITTLE  PAPILLION  CR.  PAPILLION  CPKEK 

PROBABILITY  AT  IRVINGTON A*^  FORT  CROOK 

Peak  Discharge  Peak  Discharge 


From 

Reaulred 

From 

Reoui red 

Computed  Curve 

Runoff 

Computed  Curve 

Runoff 

(c.f.s. ) 

(inches ) 

(c.f.s.) 

( inches ) 

10 

Year 

7,600 

1.16 

lD,?nn 

1 .'^1 

5 

Year 

5,300 

O.RO 

Ik  ,200 

1 .C3 

1 

Year 

2,350 

0.30 

S,600 

0 . ">n 

I 


I 

i 
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In  jreneral , the  actual  runoff  amounts  for  similar  prnhahi I i ti es 
n^^ree ; therefore,  the  average  of  the  Trvinp’ton  and  '^ort  Trool 
values  was  used.  The  adopted  runoff  values  are  shown  in  '^ahle  f . 

"^ABLE  ? 

AIJOPTEP  RUNOFF  ANP  RAINFALL  PRO  BA  BI  LIT  I "^0 


Frobabiliti 


Runof f 

TYnch'es ) 


f-Hour  TP-tO  Rainfall* 

niches) 


10  Year  1.33  P.OT 

5 Year  0.91  P.RT 

I Year  0.30  1.^1 

“Rainfall  amoiints  taken  from  Plate  3^. 

The  runoff  coefficients  "C"  were  then  computed  for  use  in  the 
ref’ional  wastewater  mana^^ement  .study  by  determininf'  the  ratio  of 
the  adopted  runoff  to  the  TP-LO  rainfall.  The  computation  of 
the  runoff  coefficients  for  the  1,  ?,  and  10  year  events  is 
shown  in  Table  3.  A r\inoff  coefficient  of  o.oo  was  used  for 
the  impervious  areas. 

'^ABI.E  3 

COMPUT'ATION  OF  PFRVTOUO  AREA  RIPJOFF  CnFFFICTFN^O 


1 YF.AR 


5 YEAR 


10  YEAR 


Runoff* 

Rainfall*' 


Runoff* 
Rainfall  * 


*^10  = = 1 . ^3  = O.li'^. 

Rainfall"*'  P.'if 

“Adopted  riinoff  and  rainfall  amounts  taken  from  '^ahl  e P. 

Ifslnp  the  adopted  pervious  runoff  coef  ficiept.s  , the  1,  R , and 
10  year  deslpn  runoff  amounts  were  comnuted  by  applyini?  the 
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composite  coefficient  for  varyinp-  deprees  of  'basin  impervious- 
ness to  the  design  point  rainfall  amounts  shown  on  Plates  , 
liO,  and  !*1,  respectively. 

h.  Runoff  and  Peak  Discharge  Computations.  Shown  on  Plates  liP 
through  55  are  the  drainage  area  input  forms  for  each  growth 
concept  and  the  runoff  volume  and  peak  discharge  calculations  for 
the  basin  designated  Little  Paplllion  Creek  No.  TR  (LP-73). 

These  calculations  are  typical  of  those  developed  for  the 
remaining  60  drainage  areas.  The  data  input  forms  were  used 
to  calculate  the  average  percent  of  drainage  area  impervious- 
ness. They  were  developed  by  overlaying  the  four  land  use 
concept  maps  over  the  drainage  area  and  plainimetering  the 
area  of  each  ljuid  use  category,  such  as  residential, 
commercial,  and  Industrial.  A percent  of  imnerviousness  was 
then  assigned  to  each  category  based  on  pro.iected  nonulation 
densities.  The  input  forms  are  shown  on  Plates  through 
Ii5-  The  calculations  consisted  of  dete’-minlng  the  design 
runoff  volume  and  peak  discharge  for  each  area  according  to 
the  four  future  growth  concepts.  The  runoff  volumes  were 
computed  for  each  area  by  determining  the  composite  runoff 
coefficient,  according  to  the  percent  of  imnerviousness  the 
area,  and  applying  the  coefficient  to  the  design  hourly  ra1n'''all. 
These  calculations  are  shown  on  Plates  through  "Tie 

design  peak  discharges  were  computed  by  applying  the  design 
runoff  to  the  1-hour  unit  hydrogranhs  for  each  basin.  Tn 
those  basins  that  are  not  completely  urbanized,  the  unit 
hydrographs  were  reduced  uniformly  according  to  the  percent 
of  the  total  area  pro.iected  to  becone  urbanized.  These 
typical  calculations  are  shown  on  Plates  Rb  through  f''. 
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5.  Future  Phase  II  Studies,  "he  HK<’  "Ftorr'"  ^'ortel  will  he 
'-un  to  deterrr.dne  the  effectiveness  of  the  nronosed  stomvater 
detention  structures  by  simulating  their  oneration  throuf^hout 
a t*»-yenr  period  of  rainfail  record,  '"his  “cdel  vill  also  be 
used  to  determine  the  average  concentrations  and  loedinrs  of  the 
critical  urban  runoff  water  juality  const'' tuents . "be  "t>anio" 
Model  will  be  run  to  determine  the  flood  control  benefits 
attributable  to  the  proposed  stormwater  detention  ntructures 
located  within  the  Papillior.  freeb  basin,  "he  Pa-nillion  '"reeV 
basin  and  the  locations  of  propose<i  '’orns  o'"  Fnrineerr  reservoirs 
are  shown  on  Plate  Sf" . 

PAP*!’  Ill  - INDIAN  PRKKK  A*rO  MOSQUITO  rPFP: . oril".'OT'.  pt."F"'" . T^W.«  - 

GENFHAI.f/.FP  niRi^'P  F^F  FI 'RFAPF 

RATH  AND  VOUIH'  VKPrUr  P'dAINAnF  AK'^A  YrritiTNr.  ’jtNPJ'PJ 

PATTERNP  VAPYIN'l  FROM  RirPA:,  F'':.I.Y  I’RPANT'"'^'.' 

1.  Hydrolofi c Analysis.  A hydroloftic  studv  was  conducted  to 
determine  the  im.pact  that  potential  urb'anization  would  have  on 
surface  runoff  voliune  and  neak  discharge  rates  within  the  Indian 
Creek  and  “'osquito  Creek,  bar.ins.  "tiese  basins  are  both  located 
in  or  near  the  metropolitan  area  o*"  Council  Bluffs,  "be 
Mosquito  '"reek,  basin  map  is  shown  on  Plate  '^i.  "he  present  land 
use  in  this  b^asiti  is  pririarily  rural,  abo’ut  P percent  of  the  p.rea 
contains  urban  development.  Within  the  Indian  ^reek.  basin,  the 
Pioil  Conservation  ''ervice  (PCC)  has  initiated  the  installation  of 
an  erosion  control  rrorram.  nfficials  with  the  "CC  at.  Council 
Bluffs  were  contacted  in  order  to  obtain  desim  information  on 
the  existinp-  and  proposeti  structural  measures  that  woiild  be 
constructed  \inder  this  prorram.  It  was  determined  that  present 
desirns  include  the  plannee  completion  of  1 pul'y  and  erosion 
control  structures;  fotir  have  already  been  constructed,  "he 
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structures  consist  of  earthen  eirhanknents  or  exist! nr  road 
embankments  with  dron-inlet  or  reinforced  concrete  chute  tyre 
outlets  and  earthen  spillways  deslfrned  for  full-flow  conditions. 

IVo  of  the  erosion  control  structures  incomorate  detention 
storage  for  the  purpose  of  flood  control.  These  two  structures 
are  designed  to  handle  the  SO-year  flood  and  each  has  annroximately 
150  acres  of  contrihutinr  area,  '^e  Indian  Creek  basin  man  with 
the  PCS  structure  locations  is  shown  on  Plate  Overall  deter- 

mination of  the  SCS  Project  flood  control  effects  was  not  considered 
in  this  study  because  the  ma,1or  structural  numose  is  erosion 
control  and  only  two  of  the  smaller  structures  have  designated 
flood  control  storage.  A more  corrorehensi ve  analysis  will  be 
conducted  at  a later  date  for  the  Indian  Creek  flood  plain  studies, 
althoupih  it  can  be  assumed  that  for  hifrh  flows  the  flood  control 
effects  of  the  reservoirs  would  be  verv  minimal. 


2.  Pesisn  Rainfall.  The  design  point  rainfall  amounts  were 
obtained  from  the  rain  fall -frequency -duration  isopluvial  mans 
contained  in  the  reference:  P.P.  Weather  Bureau  Technical  ^aner 
No.  1*0,  "Rainfall  Frequency  Atlas  of  the  United  States,"  *'ay  l^f^l  . 
Shown  on  Plate  3 is  a tabulation  of  the  point  rainfall  amounts  in 
the  vicinity  of  Omaha-Counci 1 Bluffs  for  snecific  duration- 
frequency  storms.  These  point  rainfall  .amounts  were  used  for 
basins  having  drainage  areas  of  ic  square  miles  or  less,  ""he 
point  rainfall  amounts  were  reduced  by  the  percentages  shown  on 
the  area-depth  duration  curves  contained  in  Technical  Paner  '’o. 
to  obtain  the  average  denth  rainfall  over  basins  varying  in  sire 
from  10  to  PltO  square  miles. 


3 . Indian  Creek  Hydrolop:ic  Analysis  . 

a.  General . The  hydrolo^^ic  analysis  consisted  of  corroutinR 
a fanily  of  fJienerallzed  curves  of  surface  riuioff  volune  and  neak 
discharge  rate  versus  drainage  area,  '^hese  curves  indicate  the 
potential  effects  of  urbanization  within  the  presently  rural  Indian 
Creek  basin.  A basin  map  is  shown  on  Plate  ^P>.  These  generalized 
curves  were  computed  for  the  following  three  types  of  land  use 
conditions:  (l)  the  existing  rural  conditions;  (?)  potential 

residential  usage  varying  from  a large  lot  to  dense  type  develop- 
ment; and  (3)  poterttial  commercial  usage  varying  from  average  to 
highly  concentrated  development.  The  existing  condition  rural 
curves  were  determined  using  the  peak  discharge  freauency  curve 
and  the  1-hour  unit  hydrograph , both  of  which  were  ccmiputed  from 
streamflow  records  at  the  Indian  Creek  gage  location,  ''’he 
existing  condition  runoff  amounts  for  various  freoiency  storms 
were  computed  by  dividing  the  respective  pea.k  discharge  from  the 
freauency  curve  hy  the  peak  discharge  from  the  unit  hydrograph. 

To  determine  the  rainfall  losses  , the  computed  runoff  amounts 
were  subtracted  from  the  design  1-hour  Point  rainfall  amounts 
shown  on  Plate  1.  'ITic  computed  rimoff  amounts  shown  in  '^able  h 
were  then  smoothed  in  order  for  the  los.s  rates  to  var7/  uniforr.lv. 
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KXTBTItIG  CONDITION  DEBIGN  RUNOFF  AMOUfrc 
FOR  AREAS  OF  10  SQUARE  mTI.ES  OR  T,'^SS 
AND  VARIOUS  RTiFOtT^fCY  S'^ORMS 


Storm 

Frequency 

Peak 

Discharge 

From 

Frequency 

Curve 

Peak 

Discharge 

From 

1-Hour  Unit 
Hydrograph 

(c.f.s.) 

(c.f.s. ) 

100  Year 

10,500 

3,700 

50  Year 

8,100 

3,700 

25  Year 

6,200 

3,700 

10  Year 

U,100 

2,700 

5 Year 

2,  Son 

3,700 

? Year 

1,550 

3,700 

1 Year 

560 

3,700 

The  generalized  exist.inp  rural 


1-Hour 
Design 
Rainfall 
(Plate  3) 

Comnuted 

1-Hour 

Rain''’all 

Loss 

Comnuted 

l-’'our 

Runoff 

( inches) 

(inches) 

( inches ) 

3.60 

0.75 

2 . 85 

3.20 

c 

c 

2.20 

2 . 85 

1.20 

1.70 

2.H5 

1 .20 

1.25 

2.10 

1.20 

0 .00 

1.62 

1.20 

0.I2 

1.35 

1.20 

0.15 

ition  curves  were  then 


constructed  by  applying  the  computed  1-hour  runoff  amounts 
to  the  synthetic  unit  hydrorranhs  determined  for  basins  varvinp 
in  size  from  0.5  square  rile  to  10.0  square  miles,  "^e  existing 
condition  curves  are  shown  on  Plates  5°  and  <^0.  "Hie  residential 
and  commercial  development  curves  were  determined  by  Increaslnir 
the  computed  existing  runoff  amoiuits  accordinp  to  the  nercentape 
of  impervious  surface  assimned  to  be  typical  for  each  type  of  land 
use  development.  The  estimated  averape  percent  of  impervious 
surfaces  for  each  land  use  type  is  shown  in  '’'able  R. 


TAPij;  5 

AVKRAGF  PFRCKNT  OF  If^PFRVTOUF  OtmFACKr 
FFTIMATFD  FOP  rFFOIPIC  LAND  I'PF  "’vppf 

LAIID  ur.F  TYFF  ARKA  I’T?:RVIOUr. 

(percent ) 

Kxistlnp;  Oonditions 

Rural  0 

Residential  Pevelopnent 

Large  IjOt  RO 

Normal 

Dense  PR 

Commercial  Development 

Average  Po 

Highly  Concentrated  or, 

Dhe  impervious  surface  runoff  amount  was  calculated  hy  anplying 

a n.lO  Inch  depression  and  detention  storage  loss  to  the  design 

rainfall.  The  composite  runoff  amounts  for  the  various  land 

use  types  shown  in  Talle  ''  were  cormuted.  hy  weighting  the  total 

runoff  according  to  the  proper  percentage  of  runoff  from  t^e 

pervious  and  impervious  surfaces,  "’he  composite  runof*'  amo\ints 

were  applied  to  the  unit  hydrographs  to  develop  the  residential 

and  comm.ercial  type  land  use  curves  shown  on  Plates  through  f-l* . 

b.  Unit  Hydrograph  Derivation . A 1-hour  unit  hydrogranh 

was  derived  from  streamflow  records  of  the  RO  April  l^si  ntorr 
at  the  Inditui  Creek  ;-:age  location.  This  unit  hydrograph  has  a 
peak  discharge  of  R,7CC  c.f.s.  and  Cnyder's  hydrograph  coefeieient 
of  C^  = n.Ui  and  fliese  1-hovir  coef '"i ci ent  s v/ere  uaed 

to  compute  the  unit  hydrographs  for  subareas,  varying  ir  sict- 
from  O.S  snuare  m.ile  to  IP  souare  miles,  within  the  Indian  ''reek, 
basin , 

c.  Discharge  I’robabi  1 i ’..v  AnnJcrs_iji_,  The  discharge  probability 
curve  for  the  Indian  Creek  gage  location  Is  shown  on  ^late 
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'I'his  rurve  wan  rievelonofi  by  thr  Lor  Pearson  '^yre  Tfr  di  s*^r'i>'\!t.i  or 
uninr  1^  years  of  rarinr  records  and  estinates  bor  the  "axirur’ 
diseharres  Tron  four  historical  floods  that  occurred  ir.  the  years 
I'lp"’,  loll?,  I0I.7,  and  loLf.  r'ince  the  first  flood  occurred  in 
10?1,  the  two  largest  historical  events  were  nlotted  on  the  basis 
of  a 'jO-yenr  record.  .PxnecteJ  jirobability  and  partial  duration 
ad.lustrents  v-ore  applied  to  the  annual  series  frenuenc>'  curve. 

Ii . Mosquito  freek  Hydrolopic  Analysis  , 

a.  ^fnejlfiJ:.'  hydrolopic  analysis  consisted  of  comnitina 

peneralised  curves  of  surface  runo'’f  volume  and  peah  discharpe 
rate  versus  drainape  area  for  the  ’‘oscui  to  '’reeb  basin,  '"his 
basin  contains  ?I-0  square  miles  and  is  located  lust  east  o'" 
Council  Bluffs.  A basin  nap  ir  shown  on  Piate  1'’.  '"he  penera- 
lic.ed  curves  were  computed  for  the  followir.o  three  t;i-pes  of  land 
use  conditions:  ’(l)  the  existin.p  rural  conditions:  ("I  poteptial 
full  residential  usape  with  a normal  type  davelopment:  apd 
potei'.tial  cornercial  usape  varyinp  from  avorape  to  highly  con- 
centrated development,  "'he  existlnp  conlition  curves  were 
determined  usinp  the  peak  discharpe  "renuencv  curve  and  th>' 

1-hour  unit  hydropranh.  both  o"  which  we"e  computed  "ro”  strea'”- 
flow  records  at  the  Mosnuito  ('reek  pape  location,  '"he  eyistinc- 
condition  runoff  amounts  for  various  "renuency  storms  veso  com- 
puted by  dividinp  the  peak  discharpe  "rom  the  Cranuenc'  curve 
bv  the  peak  discharpe  from  the  unit  hvdropranh.  '"''e  rainfat’ 
lo.s::es  were  then  determined  by  subtrnctinp  t*'e  compute^!  runo'’" 
amciunts  from  the  design  1-hour  snin"all  amounts,  '"'■■e  design 
1-hour  rain‘'all  was.  obtai''e,;  by  applying  a dep-^.h  area  reduction 
of  b?  percent  to  tb.e  point  rain''all  values  shov'n  or  '‘‘late 
'"he  computed  runoff  amoun* ::  shoi.'n  in  '"able  " were  then  snoot  t-ed 
in  order  for  the  loss  rates  ''o  vary  uniformly. 
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f term. 
Frequency 

Peak 

Discharge 

From 

Frenuency 

Curve 

’"eal’ 

Discharge 

From 

1-Hour  Unit 
iiydrogranh 

1 -i'o'ir 
Design 
Rainfall 
Plate  3» 

Oomnuted 
l-"our 
Fainfall 
I. OSS 

Pom.puted 
1 -Hour 
Runof  •'’ 

~Tc  . f . s .T 

(c.f.s.^ 

( inches ) 

(inchesl 

( incheTT 

100  Year 

36,000 

18,000 

P .liP 

o.Lo 

0 .pp 

50  Year 

P6 ,800 

1P,000 

P.llt 

0.65 

l.ltP 

?5  Year 

10,000 

18,000 

1.00 

P.85 

1 .P5 

10  Year 

lit  ,000 

18,000 

1.61. 

0.8s 

0 _ '^O 

5 Year 

0,000 

18,000 

l.iio 

0 _ Fp 

P.  5S 

P Year 

It  ,150 

18,000 

1 .08 

P.8s 

0.?8 

1 Year 

1,110 

l8,000 

P.Ol 

0 . 8s 

O.Of 

•Rainfall  amounts  shown  on  Plato  1 roduced  by  nercent  •''or 
depth  area. 

The  computed  runoff  amounts  develored  for  Indian  CreeV. , shovr.  in 
Table  1,  were  used  for  basins  with  draina«?e  areas  of  TP  snuare 
miles  or  less.  For  areas  between  10  and  ?l0  soiiare  miles,  the 
runoff  amounts  were  developed  according  to  the  varyinr  desim 
rainfall  amounts  determined  from  the  area-denth  curves  shown 
in  Technical  Paper  No.  IjO.  '"he  generalised  existing  condition 
curves  were  then  constructed  by  apnlyinr  the  cnrmuted  1-hour 
runoff  amoiints  to  the  unit  hydroftranhs  computed  for  •portions 
of  the  basin  varyina  in  size  from  1^  to  PIp  snuare  miles,  "’he 
existing  condition  curves  are  shown  on  Plates  i f and  f''.  ''Tie 
residential  and  commercial  development  curves  were  determined 
by  Increasinff  the  existinp  condition  runoff  amounts  accordinr 
to  varying  percentages  of  imnervious  sur^'’ace . "’he  estimated 
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percentages  of  Inpervious  surface  for  each  lnn<3  use  tAT^e  were 
shown  on  Table  5.  The  coinnosite  runoff  amounts  for  varvlnc 
degrees  of  inperviousness  were  then  comnuted  and  are  shown  in 
Table  P.  The  estimated  residential  and  commercial  deveionment 
curves  are  shown  on  Plates  f-P  through  71. 

b.  Unit  Hyiirograph.  An  average  ] -hour  unit  hvdrogranh  vnr, 
derived  from  streamflow  records  of  five  storms  at  the  Uosouito 
Creek  gage  location,  '^his  unit  hydrogranh  has  a peak  discharge 

of  16,000  c.f.s.  and  Unyder's  iiydrograph  coefficients  of  = 0.70 
and  Cp  = Ci.Pf.  These  1-hour  coefficients  were  used  to  connute 
the  unit  hydrographs  for  areas  within  the  f'osnuito  Creek  basin 
varying  in  sise  from  10  to  PI4O  sauare  miles. 

c.  Discharge  Probability  Analysis,  "’he  discharge  nrohahility 
curve  for  the  Mosquito  Creek,  gage  location  is  shown  on  ''"late 

This  curve  was  developed  using  tiie  log  Pearson  '"hne  TTT  distri- 
bution witii  PI  years  of  stream  discharge  record.s . ’"xpected 
probability  and  partial  duration  adjustments  were  applied  to 
the  frequency  curve. 

‘j.  Application  of  Ceneralic.ed  Curves.  "Pie  generaliced  curves  for 
determir;ing  the  peak  lischarge  rate  and  runoff  volume  are  applicable 
for  the  following  two  t;/T>es  of  land  use  conditions:  (l)  when  th.e 

study  area  within  the  respective  Indian  '"reek,  or  ”osnui'*'o  c-^wW 
basins  is  icp  percent  rural,  residential,  or  com.mercial  •.  and  (Pl 
when  the  land  usage  is  a combination  of  two  or  more  o"  the  three 
land  use  types.  Por  condition  (l),  the  peak  discharge  rate  and 
runoff  volume  versus  drainage  area  may  he  read  direetly  "ror  the 
gcneralixed  curves.  '''or  condition  fP'',  the  amounts  read  "or  eanh 
respective  land  use  shouT'  le  multirlied  hy  the  nercen*  o'"  area 
for  each  specific  land  use  to  deter7<ijr.p  fy^p  weighted  composite 
dlschar/’c  rate  and  runoff  volume. 


PAirr  IV  - HYPROi.nr,Tr  cnMinrKF 

1.  Genera]  ■ The  'Papio  " tiydrolorir  ''onnuter  "oi’e]  var  ‘evojnne'1 
by  the  Onaha  Pintn'ct,  Gonin  of  ''nrineerr,  to  rondurt  +h»*  oo'* 
control  studies  for  the  Pnpiliior.  Greek  Varin.  ""he  rronosed 
Corps  of  Enyineers  flood  control  rroiect  con’.nins  a serien  o'” 

PG  dars  and  reservoirs  within  the  GapHiior  cj.ppif  harin-.  t''e 
locations  are  shown  on  Plate  sE.  ''nnstructi  on  o^  "^ar  Gi+ep  1] 
and  It"”  have  been  conpleted  and  acnnisitior  of  land  ''or  ''n+ure 
sites  is  proceeding.  The  followinp  paraj^ranhs  describe  the 
various  parameters  used  in  the  hydroloaic  analysis  to  develop 
the  "Papio"  iiydroloric  Computer  *'o(iel  . 


; ’ . I'aslri  rescriptiofi . 

a.  General  ■ Paoillion  CreeK  is  located  in  the  ea.stepn  portion 
of  the  i'tate  of  t’ebra.ska.  "’he  i'asin  drainare  area  in  1'’'."'  soua’-e 
miles,  with  a lene:th  of  al^out  El  r.iles  .and  a ra.xinu"'  width  of 
IT  miles.  There  a’-e  three  main  tributaries  that  ,'oin  to  form 
i'anillion  Greek;  T.ittle  Parillion  "reek,  with  a drainape  area 
of  b?  square  miles;  Bir  Papillion  '"reek,  draining  IRE  nauare 
miles;  an'.  West  i’anillion  C.’-eek,  dralninr  11^  souare  T"ilos. 
Tonoyraphy  throughout  the  basin  is  moderate  to  steeply  slopinr 
iiill  land,  with  small  tributary  slopes  averarinr  between  ''G 
and  POG  feet  per  mile. 

h.  l.ittle  i'apiliion  "reek.  I.ittle  Fanillion  "reeV  , wiii  cl 
drains  the  eastern  portion  of  the  basin,  has  a lenrth  oC  abou* 
l(  miles  of  w.di^h  g miles  lie  within  the  present  city  limitr 
of  Om.aha.  The  TP-sauare  r]l('  nr"n  upstream  from  Trvinpton  is 
essentially  a.mmi  cul  tural  in  character,  '"he  remaininr 
rile  area  downstream  fror  rrvirrton  is  V..asically  a himhly 
tleveloned  residential  an.l  commercial  area.  Glopos  alonr  'be 


Glopos  alonr  'be 
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Little  I’apillion  Creek  channel  vary  fron  an  averape  of  about 
20.3  feet  per  mile  upstream  from  Trvinpton  to  an  average  o''" 
about  0.2  feet  per  mile  dovmstream  to  the  confluence  with  Pip- 
Papillion  Creek. 

c.  Pip  Papillion  Creek,  '^he  Pip  Panillion  Creek  drains  a 
relatively  long,  narrow  basin,  '^he  basin  length  is  about  30  miles 
and  the  width  varies  from  0 miles  in  the  upstream  portion  to  P 
miles  in  the  downstream  portion.  Most  of  the  area  is  presently 
used  for  agricultural  purposes;  in  the  downstream.  miles, 
however,  a considerable  amount  of  urban  development  has  occurred 
in  recent  years.  Stream  slopes  along  the  Pig  Papillion  breek. 
channel  vary  from  an  average  of  about  5.3  feet  per  mile  in  the 
upstream  portion  of  the  basin  to  feet  per  mile  in  the  down- 
stream portion. 

d.  West  Papillion  Creek,  "’he  West  Panillion  Creek  has  the 
most  concentrated  drainage  pattern  of  the  three  main  tributary 
streams.  The  length  of  this  basin  is  about  20  miles  and  the 
maximum  width  is  11  miles,  "’he  basin  is  extremely  hilly  and, 
except  for  the  small  communities  of  Panillion  and  ’'illard,  is 
essentially  agricultural  in  character.  Stream  slopes  along 
the  West  Papillion  Creek  vary  from  an  average  of  about  5.3 
feet  per  mile  upstream  from  Papillion  to  feet  per  mile 
downstream  to  the  confluence  with  Papillion  Creek. 

3.  Unit  Hydrographs.  The  unit  hydrographs  used  we^e  based  on 
an  analysis  of  available  flood  hydrogranh  data  at  the  Irvington 
gaging  station.  Cix  floods  were  analyzed  to  determine  the  appro- 
priate unit  hydrogranh  characteri sties  to  apply  in  other  areas 
of  the  basin.  This  analysis  indicated  that  Cnyder's  constants 
for  a 1-hour  unit  hydrogranh  are  C.^^  = 0.71  and  C^  = O.Po.  Using 


thfS»*  1-hour  oonstHnts  , B.vnthotlo  unit  hydrof'ranhs  vr-re  (IovpI - 
oped  for  the  hO  s\ibaren  hnsins  that  were  used  in  the  hydrolorie 
analysis . 

It.  Flood  Routinr  Curves.  A tonoi^raphie  survey  for  portions  of 
the  Papillion  Creel,  flood  nlnin  was  rade  in  the  snrinr  of 
rtat.’le-discharye  relntionshipr  were  corruted  alonr  each  o'"  the 
three  tributary  streams  (little  Papillion,  Piy  Panillion  and 
V.'est  Papillion),  ir  order  to  develop  C+Q/P  routinr  curves  '"or 
those  re.aches  of  the  streni"  that  were  surveyed.  At  those 
locfitions  in  the  basin  where  routine  .studies  were  desired,  Put 
survey  data  were  not  available,  the  routine  was  acconnl  is*^ed 
usinr  '^'atun's  procedure. 

h.  liydrolopic  Analysis.  'T'he  foreroinr  raraeraphr  have  deac'-ihed 
briefly  the  basic  studies,  ediie  to  develop  the  various  parar’eters 
used  in  the  hydrolopic  annl.vsis  for  ‘■he  ’^apilllon 
t'he  Pnyder's  unit  hydropraph  constants  reflect  the  runoff 
cimracteristics  of  the  basin  an-’  perrit  develop’"ert  o'"  synthetic 
tiydrof  rapiis  at  wiy  point  in  t.h.e  basin,  '"he  that  follow.-- 

presents  the  ranner  in  wh:c>’  ‘ 'je  hydroloeic  •'odel  was  ’pyelope  ; 
in  order  to  dete>-tn1ne  the  exi.'^tinr  an'  ‘'u’ure  flood  cor  liti  one 
throufihout  the  basin  and  * he  ranner  ir  w'-ich  the  vnfiour  reset-voir 
schenes  were  h.vdroloci  c.ally  evaluated..  d,  .-eneral  , the  nroced’ire 
that  was  followed  can  !■'  d.e;-,pj-i),pii  jp  the  followinp  s‘<'ps: 

a.  Desired  runoff  values  wt-ri'  aPT'liel  ‘o  the  unit  *'v  irorrap*  ^ 
deveiope.l  for  the  li'"  subareas  in  th.e  l.asi'>. 

b.  Heninninn  at  the  upper  end  of  each  of  the  three  >"air, 
tributaries,  tip-  hydrof'raphs  fror  (a.)  were  ad'ied  ar  i rou'.e  t 
Ihroufh  tl;e  tributary  ctumnel  an  ! overhanV  ’■(.tiches  , addinn  *>e 


inflow  from  each  subarea  in  the  anpronrl ate  tine  relation,  '"’his 
yielded  hydropiranhs  at  the  mouths  of  the  three  main  tributar'r 
streams  - Little  Papillion,  ^'im  ^apillion,  and  V.'ent  Panillion. 


c.  The  hydrof'ranhs  from  each  of  the  three  tributaries 
(ietermined  in  (b.)  were  then  added  and  routed  downstream  to  the 
upper  tieback  of  the  existinr  *'lssouri  '’iver  P-^11  /'prl cul turn! 
Levee  located  at  U.f!.  Pirhway 

The  computational  procedures  described  were  carried  out  usirr 
a Honeywell-fiF  computer. 

^1.  Hydror.raph  Reconstitutions,  '"'n  order  to  test  the  above  des- 
cribed procedures,  two  flood  events  (June  loJli  nnd  fentember  loJ'"! 
were  selected  for  study;  the  purpose  was  to  reconstitute  the  actual 
hydrof'raphs  from  tliese  events,  '’’he  procedure  followed  in  these 
reconstitutions  was  as  descril'ed  above,  namely,  averame  rain'’nll 
values  over  each  of  the  subarea  basins  were  determined  from  t‘;e 
isohyetal  maps  of  the  storms;  runoff  values  ^or  each  subarea 
were  estimated  denendinm  on  the  subarea  rainfall  and  usinr  a 
consistent  loss  rate;  flood  hydroyraphs  for  each  subarea  were 
computed  by  applyiny  tbe  estimated  riuioff  values  to  the  unit 
hydromraphs  described  in  nararranb  1;  tbe  flood  hvdromrnnhs 
were  added  and  routed  as  described  in  paragraph  L and  the  end 
product  was  the  development  of  hydromranhn  throughout  the  entire 
basin.  Adjustments  in  the  routine  curves  were  made,  whe»-e 
necessary,  so  that  a satisfactory'  reconstitution  of  these 
actual  flood  events  was  considered  to  be  an  adenuate  test  o'" 
the  validity  of  the  basic  unit  hydrorrnphs  and  routine  procedures 
developed  for  the  basin. 
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PART  V 


- HYDROLOGir  PTUDire  FOR  P?^7,  PRIVT.  DTTCH , BPT.t.^.an^, 
MKBRArh:A  ~ 

1.  General . The  results  of  the  hydroloi:y  studies  ■'’or  the 
Flood  Hazard  Tnforratlon  'Report  and  the  '"'maha-rounc' 1 ’^lu'^''’s 
’ietropolitan  L'rl’an  '"tudy  for  ’-.etz  ! rive  Pitch  are  nresented 
in  th.e  foliovinr  parapraniis . 

Hasin  Pescription.  '”h.e  ''<’t  z rive  Pitch  is  located  ir 
Northeastern  iiellevue,  Tel  resha  and  is  a lee*_'Sppp  triliutary 
to  Fanillion  '^repl.  '"he  total  irnir.ape  area  consists  o'"  1.°''' 
square  riles  of  rapi  ily  urhanizinr  area  w'th  +^e  rredorinate 
land  use  developr.ent  heinr  residential  end  epr-pp.-"  j 
hasin  raps  vith  the  nuhhasir.  hreaVdovrs  used  in  the  ►'vdroloeic 
studies  are  shown  on  ’''l.a'er  and  ’’li . 

3 . Flood  ! ' a 7,-ir  ! Tnfo ion  eport . 

a.  Pjscharae  ’’’rohahi  1 i ty . "’he  discharp'e  nrohahilitv  enpves 
that  were  .leveloned  for  this  s'udy  vere  ■•er'ved  hy  the 
f'orn.ila  and  wore  ad.'us’eii  ^e>-  exneetei  nrohahiiity,  based  on 
years  of  record  as  indicated  in  the  Veather  '^ureeu  mihl  icat  i on 
','F— ^0.  ft  r value  of  n.l.n  was  selected  for  the  1 -nercept  disc'-arre 
for  each  suhhasin;  this  was  based,  in  nant  . on  the  basin  dercrin- 
tion  previously  presented.  "’he  value  was  reduced  for  rore 
freauent  events.  ^.and  slnne.s  r'lnre  e fp  ■]  e 

and  cons i deral  1 e temorary  stornre  exists  above  streets  and  other 
barriers  that  cross  the  channels  and  irnede  the  t"i  ov  of  runnSf. 
Dischar»'-e  probability  curves  are  shown  on  t'late  P"- . A 1-percent 
hydrojnraph  was  di'veloped  for  the  a^ea  upstrear  fro^  ''ir''wp’'  I’t'" 
by  divldinr  the  1-oercen*  real  iischnrre  t ,r  unit  V'V'trenrart. 

peal,  iisch.arpe  and  applyin/^  ' ’';e  result  inr  ’•unof"  to  t''e  un'’t 
hydronraph.  ""he  hyd re»’rap'-.  was  routed,  throunh  the  t’irbv'ay 
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structure  ( 12 ' x 12'  R/f  box  culvert)  by  a reservoir  routlnp 
procedure  and  this  resulted  in  a 1-nercent  peak  discharpe  of 
1,800  c.f.s. 

b.  Hnit  Hydropranhs . On  it  hydropranhs  for  this  study  were 
developed  by  Snyder's  Constants,  C^  = O.RO  and  C^  = 0.'^*^,  which 
were  derived  on  Indian  Creek  near  Council  Bluffs,  Towa  and  are 
discussed  in  Hydrolopy  Desipn  Oeroranduin  ?Jo.  MTC-1  for  Indian 
Creek  Uam  dated  March  10S'>.  Constants  taken  from  a Bip  tfinillion 
Creek  study  were  also  used  to  develop  unit  hydropranhs  ■''or 
conparative  purposes.  The  constants  developed  fron  the  Indian 
Creek  basin  were  selected  for  this  study  because  that  basin  is 
more  representative  of  the  Betz  Drive  Ditch  basin. 

c.  Standard  Pro.ject  'Plood.  Standard  pro.iect  flood  neat' 
discharpes  wore  developed  for  Betz  Drive  Ditch  at  the  same 
locations  selected  for  the  dischnrpe  probability  curves,  '"he 
criteria  presented  in  ST'  lllO-2-llill  were  used  to  estimate 
the  standard  project  rainfall  over  the  basin.  ^ loss  rate  of 
0.30  inch  per  hour,  used  in  the  Pip  Papillion  Oreek  study, 
was  also  used  for  the  Betz  Drive  Pitch  basin.  Storm  runoff 
from  all  areas  was  increased  bv  10  percent  to  reflect  the 
effects  of  urbanization,  "’he  standard  project  flood  has  a 
peak  discharpe  of  3,000  c.f.s.  downstream  from  I'iphway  370. 

This  discharpe  was  develone(i  by  reservoir  routinp  the  standard 
project  flood  hydropranh,  computed  for  the  area  upstream  of 
Hiphway  370,  throuph  the  12'  x 12'  B/C  box  hiphway  structure. 

d.  Cummary . A summary  of  the  unit  hydropranh  and  the 
1-percent  and  standard  project  flood  peak  dlscharpes  that 
are  pertinent  to  Betz  Drive  Ditch  is  presented  in  '"able  o. 
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r.l.'MMARY  OF  ira'T  HYrPOGRAP;' , l-PFRCFT’  FLGOD. 
AND  r.TANDAPP  PRPJpP'"  FL^OD  PFAF  DTPPHAPn'T 
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1.  Onaha-rouncl  1 

Bluffs 

; "etropolit 

an  Urban  Dtudy. 

'"be 

Pet  7 

Drive  Ditch  hydroloy>'  was  restudied 

in  order  to  develop 

a 

liydrolof'ic  model 

of  the 

las  in  that 

would  be  capable 

o'" 

del er- 

nir.inp’  the  affeetn  thnt  futtire  urhnni 7,ati on  nii^ht,  have  on  the 
peah  (Ji fiohar^^e  rates  for  the  1 -percent  and  stajidard  nro.leet 
floods.  The  Fnvi ronnentnl  Protection  Arency  Ftornvater  '"anare- 
merit  Model  was  used  to  conpute  the  desipn  runoff  hydrorranhs . 

This  surface  runoff  model  is  a detailed,  mathematical  cormuter 
model  thnt  ca.lculates  the  amount  and  distribution  of  runoff  from 
a storm;  it  uses  the  basic  basin  narameters  such  as  sire,  r.lone, 
soil  loss  rates,  type  of  land  surface  cover,  and  hydraulic  charac- 
teristics of  the  conveyance  facilities.  "^e  Pets  Drive  Pitch 
basin  was  (iivided  into  1 1‘  subbasinr,  7 channels,  and  1 culvert- 
reservoir  routinp;  located  at  the  Pimhway  dTO  crossinc.  '"be 
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oubbasin  breakdown  is  shown  on  Plate  7*'.  Psinp  1*^73  land  use 
conditions,  which  were  deterr'ined  fror.  aerial  nhotop-ranhs  , the 
average  amount  of  imnervious  area  was  computed  for  each  of  the 
subbasins.  The  average  percent  of  impervious  area  for  each  o^ 
the  subbasins  is  presented  In  Table  10.  I'sine  the  1^73  land 
use  conditions,  the  1 percent  and  standard  project  flood  peak 
dlscharpes  were  determined  for  various  locations  within  the 
Retz  Drive  Ditch  basin,  "hese  peak  discharpes  are  summarized 
in  Table  11. 
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TABULATION  OF  DATA  CORRESPOOTING  TO  ENVELOPING  CUHVES 
OF  ACCUMULATIVE  RAINFALL-DURATION-FPEQUENCY  RELATIONS 


Line 

Ref. 


Maximum 
Rainfall 
Duration 
In  Hours 


(1)  RAINFALL  LN  INCHES  DEPTH  CORRESPOTOING  TO  VAPTCUS 
AVERAGE  FREQUENCIES  AND  DURATIONS  IN  HOUPE 


Average  Exceedence  Frequency  Interval,  in  Years 
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(D)  Rainfall  by  1-Hour  Increments  During  Maximum  6-Hour  Accumulation 
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(c)  Rainfall  by  6-Hour  Increments  During  N^ximum  24-!Iour  Accumi. ' atioa 
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18-24 
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(d)  Rainfall  by  24-Hour  Increments  During  Maxinu";  96-Hour  Accamulatlon 
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2.52 

3.05 

3.95 

4.60 

5.28 
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6.6  r 

24 

24-48 

25 
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26 
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(1)  Point  rainfall  values  for  Omaha,  NebrnsKU. 
Teclmical  Paper  No.  40. 


Reference:  U.S.  Weather  bureau 
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TABULATION  OF  BATA  CORRESPONDING  TO  ET/EBOPING  C'JR/ES 
OF  ACCUMULATIVE  RALTr ALL-DUiATION-FREQ'JENCY  REL.\TIO:;S 
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31e  (ireB 

fit  O.nnhH,  Nebraska. 

u i • 

n,.  , 

»‘r  i u\  ft 

i\i  >vh 

No. 

40. 

VOL  V 

ANNEX  C 

' 

PLATE  4 

RUNOFF  COEFFICIENTS  (C^qq) 


! 

I 

i 

I 


OPEN  AND  PARK  AREA 


1. 

Sandy  soil. 

flat,  <2% 

(100%  Pervious) 

OlOO  " 

2. 

Sandy  soil. 

ave . , 2-7% 

(100%  Pervious) 

Cioo  = 

3. 

Sandy  soil. 

steep,  >7% 

(100%  Pervious) 

OlOO  " 

k. 

Heavy  soil. 

flat,  <2% 

(100%  Pervious) 

OlOO  ' 

5. 

Heavy  soil. 

ave . , 2-7% 

(100%  Pervious) 

^lOO 

6. 

Heavy  soil. 

steep,  ;>  7% 

(100%  Pervious) 

OlOO  ^ 

RESIDENTIAL  DEVELOPMENT 

7.  Large  Lot  /30^  Impervious,  70%  Pervious  \ Cpoo  = 

\Cimp  = 1-0  Cper  =■  0.10  - OMl 

8.  Normal  A0%  Impervious,  60%  Pervious  \ ^100  ~ 

\Clmp  = 1-0  Cper  = 0.10  - O.I45/ 

9.  Dense  ,'73%  Imnervlouf; . Pervious  \ = 

VCi„p  = 1.0  Cper  = 0.10  - OMj 

COMMERCIAL  AND  INDUSTRIAL  DEVELOnL-OTT 

10.  Normal  /80%  Impervious,  20%  Pervious  \ O.qq  = 

Wmp  = 1-0  Cper  = 0.10  - OMi 

11.  Concentrated /93%  Impervious,  5%  Pervious  1 Cjqq 

\Cimp  = 1-0  Cper  = 0.10  - O.k^ 

12.  Impervious  Surface  (100%  Impervious)  Oj^qq  = 


Bernard's  Equation:  Cp  = C,j^  ( F 

100 

X = 0.18  for  Omaha,  Nebraska 

^100  = I'OO  X Cioo 

C30  = 0.88  X CiQQ 

C25  = 0.78  X Cj^oO 

ClO  = 0.66  X Cioo 

C5  0.38  X Cj^QQ 

Cp  = O.U9  X C^^ 

Cl  = O.'t't  X CUK) 


for  pervious  areas. 


0.10  - O.IS 

0.13  - 0.20 
0.20  - 0.30 
0.15  - 0.?5 
0.23  - 0.33 

0.35  ' 0.t5 
0.37  - O.bl 

0.1<6  - 0.67 

0.6^  - 0.73 
O.a'’  - 0.ii9 

0. 93  - o.'>r 

1. W 


VOL  V ANNEX  C 
PLATE 


TOTAL  AREA 


1 ,680  dc 


COMMERICAL  & IND. 
OPEN  OR  PARK 
RESIDENTIAL 


- 424  ac. 

60  ac. 
1,196  ac. 


10% 

85% 


L = 1^00  feet 

L = 1,560  = 980.0'  m.s.l, 

L = U260  = 1,050.0'  m.s.l 


W50.0  - 980.0 

U260.0  - 1,560.0 


SI 

"C"  value  determination 


Total  Area  Impervious 


10.  Conmercial 

11.  Commerical 


= 80"„ 
= 95T 


X 220  ac 
X 204  ac 


9.  Residential  = 557.  xl,196  ac 


1028 

■ 617  impervious 


Total  Area  Pervious 


4. 

Open  or  Park  = 

9. 

Residential  = 

457  X 

1,196 

10. 

Commercial  = 

207  X 

220 

11. 

Coftinerical  = 

57  X 

204 

652 


1,680 


397  Pervious 


1,680  ac 


"C"  value  determination: 


).  - 424  ac. 

60  ac. 
1,196  ac. 

feet 

= 980.0'  m.s.l. 

= 1,050.0'  m.s.l, 


L050.0  - 980.0  = 0.6% 

^60.0  - 1,560.0 

determination 


rvious 

= OO'^  X 220  ac. 
= 95%  X 204  ac. 

= 55%  X 1,1 96  ac. 


impervious 


^25  = Ser(4)  = 0.25(.39).78  = 0.08 
Cimp(12)  = -OOf-ei)  = 0.61 


^10 

Cper(4) 

Cimp(12) 

0.25(.39).66  = 0.07 
1.00(.61)  = 0.61 

C 10  ~ 0 . 68 

^5 

■ Cper(4)  ■ 
Cimp(12)  ^ 

0.25(.39).58  = 0.06 
1.00(.61)  = 0.61 

C5  = 0.67 

ac. 

ac. 

ac. 

C2 

Cper(4) 

Cimp(12)  ' 

0.25(.39).49  = 0.05 
1.00(.61)  = 0.61 

C2  = 0.66 

ac. 

Cl 

Cpef(4) 

Cimp(12)  ■ 

0.25(.39).44  = 0.04 
1.00(.61)  = 0.61 

Cj  = 0.65 

10US 


rk  = 

1 = 45%  X 1,196 

= 20%  X 220 

= 5%  X 204 


60  ac. 
538  ac. 
44  ac. 
10  ac. 
652  ac. 


Pervious 


METROPOLITAN  OMAHA,  NEBRASKA 
COUNCIL  BLUFFS,  IOWA 


GRACE  STREET  SEWER  SERVICE  AREA 


DRAINAGE  BASIN 

U S ARMY  ENGINEER  DISTRICT,  OMAHA 
CORPS  OF  ENGINEERS  OMAHA,  NEBRASKA 
JUNE  1075 

VOLUME  3E  ANNEX  C PLATE  6 


w 


Of^liA  r'lCSOURI  RIVKR  URBA:I  CTUHy 
5 A GRACE  STREET  SEWER  SERVICE  AREA 
MAXIMUM  6 HOUR  AIID  2E  HOUR  VOLUMES 

D.A.  - l.CGO  acres 
Tc  - ^0  nin. 

Fav  - 0.10  inches 

39''  of  the  area  is  pervious  „ = 0.25)  „ = n 

6l^  of  the  area  is  impervious  = l.OO) 

MAXI.'iUM  f HOUR  VOLlFiES 


25  yr 

V0Lp5 

. rain  = 3.f9  in 
= (3.f^9-0.10)  .69 

= 

2.E77 

i n 

3E6.6 

ac-ft 

10  yr 
VOLio 

. rain  = 3.23  in 
= (3. 23-0. 10). 68 

= 

2.128 

in 

= 

297.7 

ac-ft 

5 yr, 
VOL5 

. rain  = 2.7?  in 
= (2. 79-0. 10). 67 

= 

1,802 

in 

= 

252.1 

ac-ft 

2 yr, 
VOLp 

, rain  = 2.13  in 
= (2.13-0.10) .66 

= 

I.3E0 

in 

= 

187.5 

ac-ft 

1 yr . 
VOLi 

. rain  = 1.7^<  in 
= (1.7‘<-0.10).65 

= 

1 .066 

in 

= 

1E9.2 

ac-ft 

25  yr. 

VOLo^ 

MAXII-IUM  2E  HOUR  VOLLHE; 

. rain  = 5.06  in 

= (5.06-0.10) .69  = 3.U22  in 

S 

E78..8 

ac-ft 

10  yr. 
VOLio 

, rain  = E.Ll  in 
= (I4.I1-O.IO)  .68 

= 

2.931 

in 

= 

ElO.l 

ac-ft 

5 yr. 
VOL5 

, rain  = 3.79  in 
= (3. 79-0. 10). 67 

= 

2.E72 

in 

= 

3E5.9 

ac-ft 

r’  yr. 
VOLp 

rain  = 2. 92  in 
= (2. 92-0. 10). 66 

= 

I.S6I 

in 

= 

260. E 

ac-ft 

1 yr . 
VOLi 

, rain  = 2. El  in 
=■  (2.Ei-0.10).65 

- 

1 .502 

in 

210.2 

ac-ft 

VOL  V ANNEX  C 

PI  ATE  7 


OMAHA  MISSOURI  RIVER  URBAN  STUDY 
5A  GRACE  STREET  SEWER  SERVICE  AREA 
?5-10-5-2-l  YEAR  STORM  HYDROGRAPHS 


6th  Hour 

25  yT  rain  = 2.1*0  In.  I « 2.1*0  In/hr.  T = 
Q = 0.6Q  (2.1*0-0)1,680  = 2,782  c.f.s.'^ 
VOt^^  = 271.7  ac-rt.  Punoff^^  = I.656  in. 

10  yr  rain  = 2.07  In.  I * 2.07  in/hr. 

Q = 0.68  (2.07-0)  1,680  = 2,365  c.f.B. 

VOD^q  = 107.0  ac-ft.  Runoff = I.U08  In. 

5 yr  rain  = 1.77  In,  I = 1.77  in/hr. 

Q = 0.67  (l.7’’-0)  1,6B0  •=  1,992  c.f.s. 
VOL^  = 165.0  ac-ft.  Runoff^  = I.I86  In, 

2 yr  rain  = 1.76  in.  I = 1.36  In/hr. 

Q,  = 0.66  (1.76-0)  1,680  = 1,508  c.f.s. 
VOl,^  = 125.6  ac-ft.  Runoff^  = O.898  in. 

1 yr  rain  = 1.1^  in.  I = 1.13  In/hr. 

Q ’=  n.6s  (l.l^-O)  1,680  * l,27lt  c.f.s. 
VOL^  = 102.8  ac-ft.  Runoff^  = 0.775  in. 

■^th  Hour 


25  yr  rain  = 0.53  in.  I = 0.53  in/hr.  T 
Q ' = 0,60  (0.53-0)  1,680  = 61I*  c.f.s. 
VOD^^  = 51.2  ac-ft.  Runoff^^  = 0.766  In. 

10  yr  rain  = 0.1*5  in.  I = 0.1*5  in/hr. 

Q = 0.f8  (O.U5-O)  1.680  = 5ll<  c.f.s. 
VoEj^  = 1*2.8  ac-ft.  Runoff^g  = 0.  706  In. 

^ yr  rain  = 0.38  in.  I = 0.38  In/hr. 

= 0.67  (0.38-0)  1,680  = 1*28  c.f.s. 

VffL,.  = 35.7  ac-ft,.  hunoffr  = 0.255  in. 

2 yr  rain  = 0.29  in.  I = 0.29  in /hr. 

Q = 0.66  (0,29-0)  1,680  = 322  c.f.s. 

VOL.,  = 26.7  ac-ft.  Runoff.,  = O.lOi  in. 

1 yr  rain  = O.'^l*  in.  I = O.pl*  In/hr. 

Q •=  0.65  (0.2U-0)  1,680  = 262  c.f.s, 
vAl^  = 21.8  ac-ft.  Runoff^  = 0.156  in. 


60  min  F = 0 
av 


= 60  min  F = 0 
av 


VOL  V ANNEX  C 
riATh  8 


OMAHA  MISSOURI  RIVER  URBAN  STUDY 
5A  GRACE  STREET  SEWER  SERVICE  AREA 
25-10-5-2-1  YEAR  STORM  HYDROGRAPHS  (CONT. ) 


Uth  Hour 

25  yr 

rain 

» 0.22  In 

. I = 

0.22 

in/hr.  T = 60  min  F ■ 0 

0.69 

(0.22-0) 

1,680 

= 255 

. c av 

C.f .8. 

= 21 

.3  ac-ft. 

Runoffp^  = 

0.152  In. 

10  yr 

rain 

» 0.21  In 

. I = 

0.21 

In/hr. 

Qio  =• 

0.68 

(0.21-0) 

1,680 

» 2l«0 

c.f  .3. 

"^lO 

= 20 

1 

.0  ac-ft. 

Runoffj^Q  ^ 

0.143  In. 

5 yr 

rain 

= 0.19  in. 

I * 

0.19 

In/hr. 

0.67 

(0.19-0)  1 

,680  = 

21U 

c.f.s. 

VOL^ 

= IT. 

7 ac-ft. 

Runoff 

5 = ° 

.127  In. 

2 yr 

rain 

“ 0.16  In. 

I = 

0.16 

In/hr. 

% * 

0.66 

(0.16-0)  1 

,680  a 

^ 177 

c.f.s. 

VOL^ 

* lU. 

8 ac-ft. 

Runoff 

2 = ° 

.106  In. 

1 yr 

rain 

= 0.12  In. 

I = 

0.12 

In/hr. 

Q » 0.65  (0.12-0)  1,680  - 131  c.f.B. 


VOL^ 

“ 10.9  ac-ft. 

Runoff 

0 

II 

.078  In. 

3rd  Hour 

25  yr  rain  = 0.20  In.  I = 

0.20 

In/hr.  T = 60  min  F = 0 

Q * 

” 0 r 

■ 0.69  (0.20-0) 

1,680 

= 232 

. c av 

c.f.s. 

Vbt^^  =19.3  ac-ft. 

Runoff^^  = 

0.138  In. 

10  yr  rain  = O.I8  1 

n.  I = 

0.18 

in/hr. 

Q a 

r\ 

■ 0.68  (0.18-0) 

1,680 

= 206 

c.f.s. 

v6t^g  = 17.1  ac-ft. 

Runoff^Q  = 

0.122  in. 

5 yr 

rain  = O.18  In 

. I = 

0.18 

In/hr. 

Qr  “ 

0.67  (0.18-0) 

1,680  = 

203 

c.f.s. 

VOL^ 

* 16.9  ac-ft. 

Runoff 

5 = ° 

.121  In. 

2 yr 

rain  * 0.13  In 

. I = 

0.13 

In/hr. 

% ” 

0.66  (0.13-0) 

1,680  = 

11*1* 

c.f.s. 

VDLj, 

« 12.0  ac-ft. 

Runoff 

= 0. 

086  in. 

1 yr 

rain  = 0.10  In 

. I = 

0.10 

In/hr. 

0.65  (0.10-0) 

1,680  = 

109 

c.f.s. 

v6Lj^ 

» 9.1  ac-ft. 

Runoff 

= 0. 

065  In. 

VOL  V ANNEX  C 

PIATE  » 


I 

i 


OMAHA  MISSOURI  RIVER  URBAN  STUDY 
5A  GRACE  STREET  SEWER  SERVICE  AREA 
P5-10- 5-2-1  YEAR  STORM  HYDROGRAPHS  (CONT.) 


2nd  Hour 

25  yr 

rain 

s 

O.IQ  in. 

I =■ 

0.19 

in/hr. 

Q *= 

0.6P 

(0 

.19-0)  1 

,680  = 

220 

c.f.s. 

VOL25 

= 18 

.3 

ac-ft . 

Runoff 

25  " 

0.131 

In 

10  yr 

rain 

= 

0.18  in. 

I = 

0.18 

in/hr. 

^10  = 

C.68 

(0 

.18-0)  1 

,680  = 

206 

c. f.s. 

■'*^10 

= 17 

.1 

ac-ft. 

Runoff 

10  ' 

0.122 

in 

5 yr 

rain 

= 0 

.15  in. 

1 = 0 

.15 

in/hr. 

% = 

0.67 

(0. 

15-0)  1, 

680  = 

169 

c.f.s. 

VOL^ 

= ll*. 

1 ac-ft.  Rxinoff^ 

= 0 

.101  in 

• 

2 yr 

rain 

= 0 

.11  in. 

1 = 0 

.11 

in/hr. 

F 

0.66 

(0. 

11-0.02) 

1,680 

= 100  c.f. 

1 

s . 

v6l^ 

« 8.3 

ac 

-ft.  Runoff 

2 

- 0. 

059  in. 

1 yr 

rain 

= 0 

.09  in. 

1 = 0 

.09 

in/hr. 

F 

0.65 

(0. 

09-0. 0i») 

1,680 

= 55  c.f.s 

1 

v6l^ 

= I4 . 6 

ac 

-ft.  Runoff^ 

- 0. 

033  in. 

1st  Hour 

60  min  F = 0 
av 


0.02  in/hr. 


O.Ol*  In/hr. 


25  yr  rain  = 0.15  in.  I = 0.15  in/hr.  T = 60  min  F * 0.10  in/hr. 
Q =»  0.6q  (0.15-0.10)  1,680  = 58  c.f.s. 

VOr.^  = h.rt  Rc-ft.  Runoff  = 0.035  in. 

10  yr  rain  = O.1I4  in.  I = 0.II4  in/hr.  F = 0.10  In/hr. 

Q = 0.68  (O.lU-0.10)  1,680  = U6  c.f.s. 
vrtr,^^  - 3.8  ac-ft.  Runoff » 0.027  in. 

5 Yr  rain  = 0.12  in.  I = 0.12  in/hr.  F = 0.10  In/hr. 

Q =>  0.67  (0.12-0.10)  1,680  = 23  c.f.s. 

VOI.^  = 1.8  ac-ft.  Runoff^  = 0.013  in. 

2 yr  rain  = O.O8  in.  I = O.O8  In/hr.  F = O.O8  in/hr. 
r,  _ « av 


1 yr  rain  = 0.06  in/hr.  I = 0.06  in/hr.  F = 0.06  in/hr. 
Q = 0 

tf-*  _ r\ 


VOL  V ANNEX  C 
rUTE  10 


DISCHARGE  IN  C F S 


30,000 


10,000 


EXCEEDENCE  FREQUENCY  IN  PERCENT 


METROPOLITAN  OMAHA,  NEBRASKA 
COUNCIL  BLUFFS,  IOWA 

DISCHARGE  - FREQUENCY 


GRACE  STREET  SEWER  SERVICE  AREA 
DRAINAGE  AREA- 1,880  ACRES 

Uft  ARMY  CNGINEEN  DISTRICT  OMAHA 
CORPS  or  ENGINEERS  OMAHA,  NCRRASKA 
JUNE  IS7S 


VOLUME  3Z:  ANNEX  C PLATE  II 


RAINFALL  AND 
RAIN  FALL- EXCESS 


u -Jirwi  SffvHeA/w 
AJ  AJ  SUe^l  imili'l 

( Jrft-r  idkf  SHwf  r Servu.t*  At»'j 

.'I  Cdrl<*r  Ijke  Uiitlet 

A.rjJrtTl 


LUUNCIL  Bl.UFFS.  lOAA 
t^MAHA-MlSSOUPl  HrVfH 

Sf  Wt  R SLR^.CF  ARFA  hASiN  MAf 


M**«, 


VOL  UMI  V ANNt  * t F»l  AU  I 


z 

D 

t 

' //  / 

t 

D 

1 

! 

< U. 

U.  o 

Z Z 

b S 

► ~ ^ <p 

fVi  — 

DURATION 

1 

-HR. 

2 

-HR. 

3 

-HR. 

4 

-HR. 

5 

-HR. 

6 

-HR. 

MAX 

6- 

HR 

MAX 

24- 

HR 

VOLUME 
(ac. -ft. ) 

[ 

4.9 

18.3 

19.3 

21.3 
51.2 

231.7 
346.6 

478.8 

METROPOLITAN  OMAHA,  NEBRASKA 
COUNCIL  BLUFFS,  IOWA 


GRACE  STREET  SEWER  SERVICE  AREA 
25  YEAR  STORM  HYDROGRAPH 

U 5 ARMY  ENGINEER  DISTRICT,  OMAHA 

CORPS  OP  ENGINEERS  OMAHA,  NEBRASKA 

JUNE  1975 


VOLUME  3C  ANNEX  C PLATE  12 


, 



1 

Ju. 
J u. 

( o 

ri 

t 

lo 

o 

r 

> 6 

J 

< 

U_ 

Z 

u. 

Li. 

O 

z 

D 

L 

< 

q: 

r«- 

o 

(T 

O 

'T  - 

r\j 

■ 

1 

J 

lO  YEAR  PEAK  2,365  C 

s. 

DURATION 

RAIN 
(in.  ) 

RUNOFF 
( i n .) 

VOLUMF 
(ac-ft. ) 

1-HR 

0.14 

0.027  j 

3.8 

2 -HR 

0.18 

0.122 

17.1 

3-HR 

0.18 

0.122 

17.1 

4-HR 

0.21 

0.143 

20.0 

5-HR 

0.45 

0.306 

42.8 

6- HR 

2.07 

1.408 

197.0 

MAX  6-HR 

3.23 

2.128  i 

297.7 

MAX  24-HR  i 

4.41 

2.931 

4 10.  1 

-1 1 


HOURS 


METROPOLITAN  OMAHA,  NEBRASKA 
COUNCIL  BLUFFS,  IOWA 


GRACE  STREET  SEWER  SERVICE  AREA 
10  YEAR  STORM  HYDROGRAPH 

us  ARMY  engineer  DISTRICT,  OMAHA 
CORPS  OF  ENGINEERS  OMAHA,  NEBRASKA 
JUNE  1975 


PLATE  13 


RAINFALL  AND 


0 


2 


3 


TIME  IN  HOURS 


6 


0 38'  RAINFALL 
0 255"  RUNOFF 


DURATION 

VOLUME 
(ac-ft. ) 

1-HR 

0.013 

1.8 

2-HR 

0.101 

14.1 

3-HR 

0.121 

16.9 

4-HR 

0.127 

17.7 

5-HR 

0.255 

35.7 

6-HR 

1.186 

165.9 

MAX  6-HR 

2.79 

1.802 

252.1 

MAX  24 -HR 

3.  79 

2.472 

345.9 

METROPOLITAN  OMAHA,  NEBRASKA 
COUNCIL  BLUFFS,  IOWA 

0 

GRACE  STREET  SEWER  SERVICE  AREA 
5 YEAR  STORM  HYDROGRAPH 

U S ARMY  ENGINEER  DISTRICT,  OlolAHA 
CORPS  OF  ENGINEERS  OMAHA,  NEBRASKA 
JUNE  1875 


1 


PLATE  14 


RAINFALL  AND 


0 898"  RUNOFF 


1 

r-:- 

r 

< 

u. 

z 

UNOFF 

^ < 
q: 

to 

ro 

«> 

O) 

<x> 

o 

1 

1 

Z TtAK  HtAK  l,OU«C»-i) 

/ 

\ 

/ 

\ 

\ 

1 

\ 

DURATION 


RUNOFF  I VOLUME 
(ac-ft.  ) 


0.11  I 0.059 


|i|litri 

ror 

El 


MAX  6-HR 
MAX  24 -HR 


1.861 


METROPOLITAN  OMAHA,  NEBRASKA 
COUNCIL  BLUFFS,  IOWA 


GRACE  STREET  SEWER  SERVICE  AREA 
2 YEAR  STORM  HYDROGRAPH 

U 5 ENGINECB  OISTM'CT,  OMAHA 

CORPS  OP  ENGINEERS  OMAHA,  NEBRASKA 
JUNE  1975 


PLATE  15 


RAINFALL  AND 
RAINFALL-EXCESS 


J 6 7 8 9 


RS 


DURATION 

RAIN 
(in. ) 

RUNOFF 
(ia  ) 

VOLUMF 
(ac-ft. ) 

1-HR 

0.06 

0.000 

0.0 

2 -MR 

0.09 

0.033 

4.6 

3-HR 

0. 10 

0.066 

9. 1 

4-HR 

0.12 

0.078 

10.9 

5-HR 

0.156 

21.8 

6-HR 

0.735 

102.8 

MAX  6-HR 

1.74 

1.066 

149.2 

MAX  24-HR 

2.41 

1.502 

210.2 

METROPOLITAN  OMAHA,  NEBRASKA 
COUNCIL  BLUFFS,  IOWA 


GRACE  STREET  SEWER  SERVICE  AREA 
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VOLUME  IL  ANNEX  C PLATE  33 


Total  Percent  of  Basin  Urban  1-YKAR  DFSIGN  -rpiPirrAHY  BTORl' 
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Dro inape 
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CONCFPT 

c 
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(C.r.;.  1 

f Ac . Ft . 1 

V-U\ 
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27 
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27 
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67 

0 
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’P 
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44 
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91 
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91 
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. 
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- 
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18 

55 
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66 
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2,1156 

65 

■52 

99.7 

97 
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3,91*5 

91 

91 

91 

91 
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?t)6 

Lf-75 
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92 
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92 
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Li-T6 
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34 
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2973 
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- 
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- 
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91 
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13 
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90 
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. 

- 

- 

151 

77U 

. 

_ 

- 

I-l 

U>92 

73.7 
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70.0 

(31 

hUh 

n 

» 1 

■al.t 

PL-P 

10,611* 

3.1 

- 

6.1 

23.0 
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/?6 

2781. 

- 

- 

33 

13? 

406 

1970 

30S 

1?96 

Ub  ' 

1990 

386 

166U 

\k%' 

60G 

7Q1 

167? 

60 -■ 

rt  1 ■' 

^li* 

: All 

2227 

n6 

P900 

3?'’ 

2516 

404 

2138 

379 

?Q79 

-16 

-e’O 

616 

2639 

66? 

31.17 

t)6? 

3417 

662 

3417 

662 

7I4I7 

• no 

907 

i960 

a? 

2781. 

71? 

27^4 

712 

?7“4 

667 

f.k-  . 

ii^q 

l.6'>6 

^1^7 

1.76'- 

In80 

• 1834 

16?C 

6621 

1444 

6076 

1622 

8200 

- 

- 

'i? 

676 

lU? 

1066 

9 

34 

_ 

. 

1?7 

uir 

- 

, 

60 

1.39 

lOl. 

671 

- 

- 

_ 

. 

CJ? 

90? 

- 

- 

290 

lOPl. 

38  3 

1317 

- 

- 

_ 

. 

7^9 

1 ■3'*4 

. 

_ 

- 

* 

■'?3 

2961* 

70 

108 

_ 

_ 

, 

. 

- 

. 

- 

- 

69 

?96 

- 

« 

. 

. 

, 

1^.6 

6A- 

1090 

3700 

1^39 

■'133 

99 

209 

206 

728 

1400 

Uooo 

POI* 

1 o;  0 

??6 

1126 

312 

1677 

44 

246 

272 

17''0 

301 

l9?7 

\ s 

ICV^ 

?07 

1261. 

19? 

1181. 

- 

. 

23 

138 

276 

16q  ■ 

- 

_ 

?b? 

11.99 

•a? 

2659 

- 

_ 

- 

384 

?0?1 

Ib^ 

■a7M 

1.20 

221.1. 

606 

3276 

107 

676 

2n 

1144 

997 

?9Q7 

o?b 

?itl6 

61'-. 

21.01 

“?7 

3??9 

831 

3223 

786 

306? 

•^01 

■^0*7- 

10 

?188 

613 

piUq 

600 

2630 

609 

2668 

641 

'■'7)97 

840 

?60Q 

68 

6l»8 

200 

1U96 

1306 

6999 

40 

211 

89 

U9U 

3QO 

?on 

li." 

1976 

361. 

2019 

1*01 

?71? 

44? 

2642 

438 

2910 

iiU? 

?v.3 

9^h 

233*. 

6q« 

3012 

162 

664 

60^ 

701? 

7?'- 

7ll4- 

T>? 

All  62 

7^0 

3662 

480 

1^696 

661 

2280 

qU  / 

4 64  6 

00? 

U7'7 

i . 

u 16 

10^-  i 

m7<)I. 

1-7? 

601'. 

663 

2423 

1204 

930? 

\Ut  7 

» .4  724 

- 

_ 

. 

- 

_ 

- 

‘,08 

268'- 

_ 

_ 

. 

- 

. 

. 

. 

3331. 

1 ,■'07 

_ 

. 

. 

. 

. 

. 

. 

. 

. 

342 

1744 

_ 

> 

_ 

_ 

. 1 

t:6i* 

r^o 

I'-lql. 

^lU 

1781* 

21 4 

1 /84 

177 

1977 

?09 

Phi  ■ 

107 

877 

93 

777 

n? 

1109 

1?? 

10?1 

17( 

in- 

*•3 

u??? 

6^1 

6688 

.729 

6883 

9?7 

4 3<i(', 

7)1  ' 

‘1" 

* 

ppu 

■'(. 

191.7 

'^0'> 

217I. 

3'iO 

2746 

pU-i 

1 738 

’? 

60? 

69 

?1j9 

Mo 

7l4  9 

7U* 

'<  i 

1 

11*10 

231 

io?p 

228 

1000 

??9 

1M7K 

Pit- 

1 

‘0^ 

yt 

223 

39 

3?1 

7f.- 

301 

7? 

?6^* 

7‘. 

r •! 

■ t 

3001. 

Upl. 

3630 

387 

7??7 

??Q 

1418 

Ii7' 

y . 

, 

- 

- 

‘0 

760 

. 

. 

. 

” 

' -^u 

3168 

S90 

2481  ■ 

270 

1464 

2-30 

Up6 

M . 

, 

. 

- 

. 

1 10 

8 AC 

_ 

. 

;• 

’ . 

V2?7 

?9? 

180<. 

1.68 

32*36 

?'? 

\U\t 

• 14 

i =1 

?-\\ 

UP 

30f' 

19? 

10*34 

4? 

706 

U? 

7' » 

- 

- 

- 

?0? 

2436 

_ 

. 

6-3U 

121 

■36? 

307 

?202 

121 

WO 

IPl 

y ? 

3-.  3 7 

6ot> 

14339 

9 76 

38?(, 

7?0 

271  (. 

147^' 7 

. 

- 

- 

77 

H'2 

. 

. 

. 

Ml. 

104*1 

177 

ir3>3 

1'  7 

Ill 

• ' 

1100 

1U6 

9?-^ 

. 

. 

111  6 

927 

1478 

. 

_ 

_ 

. 

U r 

1»  •• 

. 

_ 

. 

pH), 

141.1 

_ 

. 

. 

- 

- 

41.2 

1744 

. 

. 

■4 

11.3 

1 1‘)3 

r.2 

1?79 

141 

1107 

?;■ 

1 I4 

P '■ 

1 v-7 

6210 

17'  U 

f V t 

17l4» 

♦ \ 

• 

■ \ 

111.7 

1214 

2‘ 

n '8 

* '♦ 

■ 'l7l4 

y 


TABULATION  CF  DATA  CORRESPONDING  TO  EN'/ELOPING  CUR/ES 
OF  ACCUMULATIVE  RATTALL-DURATION-FREQUENCy  RELATIONS 


Line 

Ref. 

Maximum 
Rainfall 
Duration 
In  Hours 

Col.  1 

2 

(1)  RAINFALL  IN  INCHES  DEPTH  CORRESPONDING  TO  VARICU; 
AVERAGE  FREQUENCIES  A.ND  DUR,\TIC;<'3  IN  HOURS 


Averripe  Exceedence  Freav 

I I 2^  5 1 10  r 2?  ^ 


5 1 D I Y 


atlon  0 

f Rainl 

1.35 

1.62 

1.55 

1.86 

1.68 

2.04 

l.TY 

2.16 

1.85 

2.26 

1.92 

2.35 

2.20 

2.  TO 

2.38 

2.90 

2.52 

3.05 

2.88 

3. 57 

i.io 

3.83 

3.30 

4.08 

1 '* . ■ 

(■b)  Rilnfall  by  1-Hour  Increments  During  Miximum  6-Uour  Accumulation 


13 

0-1 

1.35 

1.62 

[ 2.11 

2.47 

[ 2.tl6 

3.21 

3.60 

14 

1-2 

0.20 

0.24 

0.34 

0.37 

0.44 

0.49 

o.v.  j 

15 

2-3 

0.13 

0.18 

0.19 

0.23 

0.24 

0.?7 

0. 11  ! 

16 

3-4 

0.09 

0.12 

0.16 

O.IY 

0.18 

0.23 

0. 30 

17 

4-5 

0.08 

0.10 

0.14 

0.16 

0.18 

0.20 

0.22 

18 

5-6 

0.07 

0.09 

0.13 

0.15 

0.16 

0.16 

0.17 

(c)  Riinfall  by  6-lIour  Increments  During  Miximum  2L-Hour  Accumulation 


’•92  2.35 
0.2a  0.35 
O.ia  0.20 

O.IA  0.15 


(d)  Riinfull  by  2A-Hour  Increments  During  Maximum  Sfj-'io'dr  Accumulation 


23 

0-24 

P.52 

3.0', 

3.94 

4.60 

3.28 

1 

..  1 

f • . 

24 

24-48 

0.36 

0.52 

0.59 

0.(.0 

0.82 

0.c4 

0.  •"  I 

25 

48-72 

0.26 

0.26 

0 . 36 

0.49 

0.50 

0.'  2 

0.*  ‘ * 

26 

72-96 

0.20 

o..''5 

0.28 

0.3b 

0.42 

0.4h 

■0.  " ' 

96-168 

0.70 

0.72 

1 0.^‘? 

1 

0.8.3 

0 . 

1 .OR 

1 . U' 

(1)  Point  r»iinr'’H  vnlues  nt  Oinrhs,  Nebrarkn  , fuid  Council  Bluff!'.,  lown. 
Reference;  U.S.  V/eather  Bureau  Technical  lAipei'  Nos.  kO  and  J49. 


VOL  V ANKirX  C 
PLATE  35 


TABULATION  OF  LATA  CONHSSPONDINa  TO  ENViLOPIN'O  CURVES 
OF  ACCU-'.'JLATIVE  RAEffALL-DURATICN-FKEClUENCY  iffiLATTON'S 


Line 

Ref. 

Maximum 
Rainfall 
Duration 
In  Houtg 

Col.  1 

2 

(1)  RAINFALL  IN  IN’C-iES  Dsm  CORitr.POr.'DIN’S  TO  VAHICUS 
AVERAGE  FKEi'JEN'CISS  A.','D  BUi-Vw’IONS  LN  HOUPJ 


Average  i^xceeccnce  rrcqu 


During,  I-Uxinuin  2U-Hour  AccaT.ui/itlon 


(d)  Rilnfull  ty  2U-Iiour  Incrci-.'^nts  I>arln»5  NVixinuni  9''^'Uour  Ac cu;".ul*itl on 

■ I I I ■ I t I 


23 

0-2L 

2.29 

2. 70 

3.  GO 

l*.19 

(..07 

2U 

2l»-U8 

0.39 

O.'.l* 

O.A.' 

0.05 

0.07 

0.^0 

1 .0^ 

25 

' 1*0-72 

0.23 

0.2.' 

0.  ’i- 

0.51 

0.53 

0 . 56 

0.'.  * 

26 

72-56 

0.23 

O..'0 

0.1 

O.liO 

0.1*7 

0.53 

C. 

96-  It’ 

0.60 

! 

O.'.n 

0 . 70 

0.07 

0.93 

l.OJ 

1 .*'1. 

(l)  Avrir-yi-  rii  I n 1 1 iinijuri' ■■  C'lr-  « l‘O0  .-.i',un;'e  Rile  »re»  lu  tin  vi'inlly 
Or.'iIi’',  lii.'br  ' . i:'i  . l<i‘i’erer.''i’  «ei- iiin  n'.i  Techiil'ii'  I'iijxt  N . 

I>0  **■'. 


VOL  V ANNEX  C 
PLATE  36 


DISCHARGE  IN  C.  F S. 


METROPOLITAN  OMAHA,  NEBRASKA 
COUNCIL  BLUFFS,  IOWA 

LITTLE  PAPILLION  CREEK 
AT  IRVINGTON,  NEBRASKA 
DISCHARGE  PROBABILITY 
EXISTING  CONDITIONS 

U S ARMY  ENGINEER  DISTRICT,  OMAHA 
CORPS  OF  ENGINEERS  OMAHA,  NEBRASKA 
JUNE  1973 


VOLUME  3C  ANNEX  C PLATE  37 


DISCHARGE  IN  C.  E S. 


^ t\  (iiiitwif  •mei  I*}  M Ml 


UATA  INPUT  FORM  - "STORM”  PROGRAM 

DRAINAGE  BASIN;  LP-73  GROWTH  CONCEPT(s):  A 

BASIN  AREA  (Acres);  2,186 

STORM  DATA*;  Urban  Stormwater  Computations 


NUMBER  OF  EVENTS;  3 

EVENT  DESCRIPTION;  (l)  1 yr  (2)  5 yr  (3)  10  yr 


LAND  USE  IN  YEAR 

2020;  Average 

Basin  Imperviousness 

= 35^t 

Type  of 

Percent  of 

Percent 

Land  Use 

Area 

Land  Area 

Impervious 

{Acres) 

Crop* 

141 

6.5 

-- 

Industrial 

217 

10.0 

75 

Open* 

88 

4.0 

5 

Other  Rural* 

98 

4.5 

Residential 

1,642 

75.0 

30 

* Area  not  considered  in  the  urban  stormwater  computations. 


VOL  V ANNEX  C 
PI  ATE  A.- 


DATA  INPUT  FORM  - "STORM"  PROGRAM 


DRAINAGE  BASIN:  LP-T3  GROWTH  CONCEPT(S):  B 

BASIN  AREA  (Acres):  2,l86 

STORM  DATA*:  Urban  Stormwater  Computations 

NUMBER  OF  EVENTS:  3 

EVENT  DESCRIPTION:  (l)  1 yr  (2)  5 yr  (3)  10  yr 

LAND  USE  IN  YEAR  2020:  Average  Basin  Imperviousness  = 36% 


Type  of 

Percent  of 

Percent 

Land  Use 

Area 

Land  Area 

Impervious 

CAcres) 


Commercial 

0 

0 

75 

Industrial 

55 

2 

75 

Crops* 

219 

10 

— 

Other  Rxiral* 

153 

7 

-- 

Open* 

18 

1 

5 

Residential 

1,741 

80 

35 

* not  considered  in  the  urban  stormwater  computations 


VOL  V ANNi:X  C 
PI  ATE  1(3 


DATA  INPUT  FORM  -"STORM"  PROGRAM 


URAINAGiS  BASIN:  LP-73  GROVmi  CONCEPT(S):  C 

BASIN  AREA  (Acres);  2,186 

STORM  DATA*;  Urban  Stormwater  Computations 
NUMBER  OF  EVENTS:  3 

EVENT  DESCRIPTION:  (l)  1 yr  (2)  5 yr  (3)  10  yr 

LAND  USE  IN  YEAR  2020:  Average  Basin  Impervious ness  = 39^ 


Type  oP 
Land  Use 

Area 

Percent  of 
Land  Area 

Percent 

Impervious 

(Acres) 

Industrial 

202 

9.2 

73 

Open* 

7 

0.3 

5 

Residential 

1,977 

90.5 

35 

* Area  not  considered  In  the  urban  stormwater  computations. 


VOL  V ANNEX  C 

PLATE  4I4 


DATA  INPUT  FORM  - "STORM"  PROGRAM 

DRAINAGE  BASIN:  LP-73  GROWTH  CONCEPT(s):  D 

BASIN  AREA  (Acres):  2,186 

STORM  DATA*:  Urban  Stormwater  Computations 

NUMBER  OP  EVENTS:  3 

EVENT  DESCRIPTION:  (l)  1 yr  (2)  5 yr  (3)  10  yr 

LAND  USE  IN  YEAR  2020:  Average  Basin  Imperviousness  = 3^^ 


Type  of 

Percent  of 

Percent 

Land  Use 

Area 

Land  Area 

Impervious 

Industrial 

(Acres) 

202 

9 

75 

Open* 

59 

3 

5 

Residential 

1,925 

88 

30 

* ArPd  not  considered  in  the  urban  stormwater  computations. 
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VOL  V ANNEX  C 

PLATE  t'.; 


Li'-^OA  U "'7.1  .t.- » ., 

li’-vbh  i.UQV  f '^*>.0  's.iJ  uo  ‘ 1..’  11.  . * n - 


NtrrFi': 

(1) 

Total 

Dra  i nas’H 

Area  « 1 , 33V 

acres 

(?) 

Total 

Dra i na^e 

Area  - V.^OS 

acres 

(3) 

Total 

t'ralna^x.e 

Area  • 7,V.% 

acres 

(t) 

Total 

Drainage 

Area  - ^,llb 

acres 

I 


£ 


COMPUTATION  SHEET 

Cor}>»  o 

i , f V . 

She  e t No. 

0 f 

f‘  f o / r « t 

Or.ah:i-roiLncil  Dlufl‘r>  Urbun  Studv 

Computed  Sy 

C.H.W. 

pJ.tr 

Aug  7** 

Subj  rc ( 

Area  73  of  L.  Paplo  U/S  of  Conf  vlth  Thonas  Cr. 

Qtecked  by 

|U.tc 

Kf  ma  f X » • 

Ke  t u rn  to 

TOI'AL  D/iAriAGE  /OtiA;  3,l86  acres  - 3.h2  sq.  ml . 


BASIN  DESIGNATION;  LP-73 

GBOU'ni  C0.'ICEPT(  S) : A 


Total  UrairWaP 
Busin  Area 
( Aci-e:j) 

Uin i Use 
Projection 
In  Year 

Nanber  of 
Land  Use 
Types 

Total  Area 
Impervious 
(Acres) 

Total  Percent  of 
Are?.  I'jporvious 
(PorcenM 

i 

1,8‘>9 

2090 

2 

656 

_ 

85>  of  Total  Basin 


TEK  EN  K3UH3 


STOSM  FilESirEHCT 

0-1 

1-2 

2-3 

3-T. 

*•-3 

S-b 

1-Year  Rainfall 

r,*o  Area  3ice  AI.i. 

0.0'j' 

0.08 

0.09 

0.13 

1.33 

0 .0.1 

Runoff  Kron  IsiFor-.rlous  /vrea 
C = 0.90  IMP  = 

Runol't’  .-’ro.-a  pervious  Area 
C - 0.1  ( PER  = 6t5 

0.09 

0 

1-Yoar  Cocipoi^i^  IRorftl^ 

0.03 

0.03 

O.OA 

0.06 

0.59 

1-Year  6-Hour  RunoCr  O.BU  inches  1-Year  6-.':our  Volume  = 130. 1 ac-ft 

'^-Year  l.atnfall 

V.o  Area  3i;  e Ai  j . 

0.1 ; 

O.lU 

o.i5 

c 

o 

2.11 

0.7'4 

Kunoff  r'ron  lapervi-ouo  /-.rea 
C O.'K)  T’t?  ’ 33? 

Runoff  Fro-n  Pert'ious  ferea 
C . O.TS  PER  = ,,.,7 

conp  = 

5-Yoar  Conpos ite  Runoi’f 

n.O'L 

.o.ofL  _ 

0.00. 

.0.10 

l.J5_ 

^-Yvar  Runoff  ■ 1.67  inchep  5“Year  6-Hour  Voluine  2^2.6  nc-ft 

lu-Year  Riinfali 

r;w  Arfa  Al,'. 

O.IA 

0.16 

0 . T Y 

0.23 

O 1 ~T 

rr... 

RujiOii'  il-'-AO  I:porvlr;j  Area 
0.^0  P'R  1'’* 

R.'jnorr  Froa  Forvicif*  ..r.'a 
C O.'iS  Rrll  As", 

c 

TO-V'  .r  r,3 r-,Q.bl 

1 u.no 

0.10 

0.10 

O.lt 

1 .50 

n.Ai 

1 ;0-Ye.'.*  A..:-n:y  Run  jf*'  2. If-  lnrl.i*n  ]0-Ye*r  u-^'avir  Voii;.”,*  33**. 6 

VOL  V ANNEX  C 
PLATE  Uf 


L 


J 


COMPUTATIO.N  SHEET 

Co rps  of 

1 She  V t No . 

o f 

P ro; r cl 

Or.a-ia-Council  Bluffs  Urban  Study 


b I c c t 

Area  73  of  L.  Papio  U/S  of  Conf  with  Thomas  Cr. 


TOTAL  DHAEJAGE  AREA; 
BA3LN  DESKHATION; 
CnOVTH  CO:iCEi>T(  S) : 


Total  Drainage 
Basin  Area 


Land  Use 
Projection 
In  Year 


jJumber  of 
Land  Use 


82){  of  Total  Basin 


STORM  FRECIETICY 


3--+  I ‘>-b 


0.07  1 0.08  0.09 


Runoff  From  Paractous  Area 
C = 0.19  P2R  =AL« 


C „ 


11 

^ea  S 
m] 

V 


Runoff  From  Psr'/’ious  Area 
C 0.35  PS.°.  = 6Ui 


Q 

5-Year  Cor?9'js Tte^ *I?iSnOf f 


0.03 

— 

O.Oi* 

0.06 

0.61 

1-Yoar  S-HoCu" 

Volume  = 

128.8  ac 

O.ll 

o.i6 

O.IQ 

r.-'i 

0.08  0.09  0.10 


10-Year  Rainfall 

rm Area  Site  M.\.  o . Tj 


Runoff  From  I.mpervloua  Area 
C OS-0  KP  365 


0.l5  0.17 


10- Y 6-iIonr  'htnofr  p. 


COMPUTATION  SHEET 

Co  r p ■ o t F-o  4 r ^ . 

Proj  KC t 

O-'i'ia-Coun:'!!  niuf'Er:  Urban  Stuly 

So  b j c c t 

Area  73  of  L. JPaEio_y/S_ of  Conf.  with  Thomas  Cr 

m a f k ^ : 


Cotnpuled  by  j !)■  t e 

Qiecktfd  by  ji^atf 


TOi'AL  r.XM.ViO;!  /vPEA;  2.166. acrea,- ,SQ . mi» 

OASIN  DESIUfLATIOi::  T.P-73 

GnO'VTH  CO?ICr:Pi'(  3) ; r 


Total  Draina,;o 
Basin  Area 
(Acres) 


I.anJ  Use 
Projection 
In  Year 


riua:ber  of 
Land  Use 
TNotcs 


Total  Area 
Impervious 
(Acres) 


Total  Percent 

/uea  Imperviovv 

(Percent) 


99.7%  of  Total  Basin 

Ti:ai  n;  hours 


STORM  FRES,ir3ri'TY 

0-1 

1-? 

2-3 

1-Year  Rainfall 

I!o  Area  Size  AdJ . 

0.07 

O.OR 

0.00 

o.r 

Runoff  From  Impervious  Axea 

C --  0-9C IMP  39? 

Runoff  Prom  Pervious  Area 
C = 0.19  P-II  = 61^ 

1-Yoar  ComDosi^..6  limbi'l 


1-Year  6-Hour  Runoff 


0.03 

0.89  inches 


-5  T 6-3 


1.3^  I O.'^n 


0.63  0.09 


3 -Year  6-Hour  Volu.me  = I6I.6  ac-ft 


5-Year  Rainfall 

__No Area  Sire  AJJ  . 0 . li 

Runoff  From  Impervious  Area 

c 0 . rr?  --  39? 

Runoff  prom  Pervious  Area 
C --  0.35  PI3  =6lS 

^ 

cornu  = 0 . 5.6  „ 

5- Year  Co~'Oosl to  KunoTi 0 .0? 

5-Ye.ar  6-Ho-.u-  Runoff  - i 7a  inr^v 


O.ll-  0.1b  O.IQ  P.T]  O.ili 


0.06  J_  0.0_9  I _0.11 I 1.19  I 0.19 

5-Year  6-Hour  Volume  = nih  ? 


10-Year  Rainfall 

i:h /‘rv-a  Sice  Ad.].  0 . V.- 

RiLuoff  Prom  j '.pervious  Area 

A.  r".‘  39?  

Runoff  Prom  T'Tvious  Area 

C_ 0^1*  nil  _6l,5 

10-Y-nr  Co  R?ih^j^T  _ 0.00 

lO-Y.nr  6-'ij;r  Runoff  Incher 


0.16  0.17  0.P3  1 I 0. 


0.10  I 0.11  I 0.1  li  I 1.55  I 0J13 
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